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It is known to produce nucleotides or polynucleotides 
which are radioactively labeled, such as with isotopes 
or hydrogen (^H), phosphorus (32p), carbon (l^C) or 
iodine (125i). such radioactively labeled compounds are 
useful to detect, monitor, localize and isolate nucleic 
acids and other molecules ot scientific or clinical 
interest. Unfortunately, however, the use of radio- 
actively labeled materials presents hazards due to 
radiation. Also due to the relatively short half life 
of the radioactive materials employed to label such 
compounds or materials, the resulting labeled compounds 
or' materials have a corresponding relatively short shelf 
life. 

It has been proposed to chemically label compounds of 
interest, such as nucleotides and polynucleotides, so as 
to overcome or avoid the hazards and difficulties 
associated with such compounds or materials when 
radioactively labeled. In the article by P.R. Langer, 
A. A. Waldrop and D. C- Ward entitled "Enzymatic 
Synthesis of B iot in-Labeled Polynucleotides: Novel 
- Nucleic Acid. Affinity Probes", in_;Proc- Natl_^ Acad^ 
" -gci. , USA, -Vol.'**7 8V No. 11, pp:"6633--6637 , Nov.embery-": . 
1981, there are described analogs of dUTP and UTP that 
contain a biotin molecule bound to the C-5 position of 
the pyrimidine ring through an alkylamine linker arm. 
The biotin-labeled nucleotides are efficient substrates 
for a variety of DNA and RNA polymerases in vitro. 
Polynucleotides containing low levels of biotin 
substitution (50 molecules or fewer per kilobase) have 
denaturation, r eassoc ia tion and hybridization character 
istics similar to those of unsubs t i tu ted controls- 
Bio tin-labeled polynucleotides, both single and double 
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stranded, are selectively and ^uaiitat ivcly retained on 
avidin-Sepharose, even after extensive washing with 8M 
urea, 6M guanidine hydrochloride or 99% formamide. In 
addition, biot in-labeled nucleotides can be selectively 
Immunoprecipitated in the presence of antibiotin 
antibody and Staphylococcus aurea, Protein A. These 
unique features of biotin-labeled polynucleotides 
suggest that they are useful affinity probes for the 
detection and isolation of specific DNA and RNA 
sequences. It is indicated in the article that the 
subject matter of the article is comprised in a pending 
U.S. patent application. 

The disclosures of this article and above-referred 
pending patent application are herein incorporated and 
made part of this disclosure. 

The patent application referred to in the above- 
identified article is U.S. parent application Serial No 
255,223 filed April 17, 1981. ^The disclosures of this 
pending U.S. patent application Serial No. 255,223 are 
herein incorporated and made part of this disclosure. 
In the above-identified pending U.S.. patent application 
.the:^ub-jec.t ".matter of the above- idenXif led ^ 
" disci o~sed and additionally it is disclosed that . - 

comoounds having th'e structure: 

B • • * A 

X-CH2 Q 



y z 



wherein B irepcesents a purine, deazapurine, or pyritnidine 
moiety covalently bonded to the cl--po3ition of the sugar 
moiety, provided that when B" is purine or 7 -deazapur ine , it 
is attached at the N^-position of the purine or deazapurine, 
and when B is pyrimidine, it is attached at the wl-position; 

wherein A -represents a moiety consisting of at least three 
carbon atoms which is capable of forming a detectable com- 
plex with a polypeptide when the compound is incorporated 
into. a. double-stranded ribonucleic acid, deoxyribonucleic 
acid duplex, or DNA-RMA hybrid; 

wherein the dotted line represents a chemical linkage join- 
ing a and A, provided that i£ B is purine the linkage is 
attached to the 3-position of the purine, if B is 7-deaza- 
purine, the linkage is attached to the 7-position of the 
deazapurine, and if B is pyrimidine, the linkage is attache 
to the 5-position of the pyrimidine; and 

wherein each of x, y^ and z represents 

0 0 0 1? 1? U 

H-, H0-, HO-'p-O-, H0-?-0-?-0-, or HO-P-O-P-O-P-0- . a 
^ ' OH OH OH;- - OH pH_ 0H_^ - : 

widei7useful as probes in biomedicar research" and: recom- : 
binant DMA technology.- 

Particularly useful are compounds -ffieewp^^^ witnin .nis 
structure which additionally have one or more of the folic 
ing characteristics': A is non-aromatic; A is at least C5; 
the chemical linkage joining 3 and A includes an ci-clef mi 
bond; A is biotin or iminobiotin; and B is a pyrimidine or 
7-dea2apur ine . 
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afcad compound s^ iLli a ehem 



^ £ -e a c tinq bdlJ mcr^tir 

L e al molQti/ coa rfe i.a uitih l-. hn -Hq^ pncninn n f <i a H 

aontcd by tho formula 



- ^ ■■ H, aald c aacti u ii ,.baiiiy i,ai.LU a out in 



- ^QlvG.nt an J in the pi ' ^JGncG of K^^^^^^ 



aqu e ou s 
4 j ndoc ouitablc 



00±'f f- — errra c 

,:^:^,44^4ef i3 j u ai. to fou i i a c ompound having -.ho ^trnr 
■ turoi \ B'--M 

^0^ 



w4w:- >ain N is a - 




y z 

L^gactivQ torminal guncninnal group oc . 
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aa,-^r--' »»^-i^B ^.LimiJ-ii'.; nil, nm. 



100, QOG . 



-me-the^s . 

which intsrac^-^-^^^jV/-^'" iJulVk^ggtid'?- 



an ri- 



. , .u.U nf^ c n. oub c n r. . ^ 

.....^. c oub.trn .n . S u^^^^^^^ at Uu, '• ^^ - 

■ p urino or a 7 Jcaaap uri-nQ . 

acid aybLldi . allu n IhuJul^giao ■ 



.. ^anU all e x ,. U.u u n..J .n n ^^4.to.v3-t^^-' normal nucl.o 



B' • "A 




y 2 ^ 



^y heroin A-^^c- 

^^^.^^»,,^,u j s^hich in capab le n4- ^ming a >-- r..u^^4.^-^e^ 



.■..1: 



0 



0 0 0 

» . \i - 1 



U ' H — — 1\ ,. Hn-P-O-P-O-P-0-. 

oh oh oT-o^-^h. _ 

4on,^^e«r e iJLti^encly pc a fnrrPfi 



-u- 



-- ter l a . 

thG wol4r^mt?wn bmiUo including -^00^--^ 




Gpect: i veJrV . 




JjH OH OH OH OH OH 



-dX-, or»i - p t » t. -^ u ""LL u..d ,11 I ir n nn . . .i ll h . . -^i&-^ 
II U n iuJiuuLiu j M hn n .irl^o t U c or danv y - 
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-CH^mT^ ^A=*-r:!:_-CH2NHCH 2CHR 

gj^,y^dl-aaxi^*^«.^^^T-^»o LU lli.K . i- arm and. u l uIjc - n' ho id ^ ^d 



c inglc i jf i ^r .i* n m>. i^ Ir abl e.. 



B* • -A 




^U e iei-n the d ot te d Una c a nr.^ a^n^r5- a Ui^mical lin ^ - . a^a jni ar 
j^vg- B and ^ , I 'lrn -n ^nri ^h^L LI D i-i t^ uiiim, the linka^ o i s 
a^j ^U L J 10 tha B -po e ^i: ^ oC Ult! U 7 jeagapuc in e, 

- U.e linKogo - ls aLLaai^J Lu lUu 7 - uuJiKiu i i uli tht deai^- 



t-i« 



- iJuaiLion o £ the -y l liiiiJine ; an a 




-L5- 



-ao" , no ? - Q 



1 

OH 



9 

HQ-3-0-P-0- 



OH 



OH 



Q 0 0 
it « II 

or HO-?-0-P-0-?-0- 



1 



OH 



ar- Lin g 



B 



^Lm g mer nn r n tad c n ni^ 





^. .L and in r r ,»^^«c^ r n.rdCl, '" ^^^^-^^^^-^ 

burs,: ^ 




is A ; and 



tide wh o n N - 
•^r oup I — E-&<*c! t ing 



id compu ui id w L '-ri .i 



I? 
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^. e Ll . u . a.. J. f ■'b ^ uL 20° C to. 30° r^^-^ve44-po^- 

^g^ X L LaxJ it. Thi ia-^ IU^ L^iut^LLaLuxe luu ^ . gtom 5° r 

_^^^^^^^„_,,^„,^,-^,o^ ly .ai^ Cx u u . about 3 ro 

il .L prafGrrod - pi ULL Jux- C 1 ' " ' " 1 ^" the -rfe- 

« „.t . l o /.d. Th .-n i n rludo. f o r . v .„j^^-r-^o^ 
,,^^^^a^^^,«,- ^aL>i, suJlmn oc p^3Jluu. uiLxaL n ., nn ^nrnnm 
-.,^ ^, - ,UuUMl.aLL, LLi I i» -.LaLL uuJ . u Jium hy rt r n Ki rln 

LutfL rr. Th--— u u u l a y ed-^^ 
cary- ovor a -ri-^e ranqa, up -fe»- T* bo uL I.O molar , 

-^^^^ 1. I ..L -IL L, -l i- ^^.^ u . u l .i r -n 1l7 

■aBd_fehe-i^ 3u e h q3 n w thanol, eth a nol, pi au Jii u l. gl yr-r-n , 
3^„^^ i- t^,^- t^obju L-vcd th i t- f .tee-?i: e5«n'=^ o£ gle ets 



- a - UC^U — e« — iin- v-»*«..w- , 
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p ., 1 1 — int eduction of . 

.^^j^^j^y- ^ sh o uld HP rhof^ ej^-^^^^^^^^^^ir^ 

■ li .c j muc h 1 ,..>^^ffi ci.nLlV a. ..uyma ^mfa^^rr^. 

du oti on ^ the d e a - ii -e J compounds . 

— - lai bi.uLiii, and 



^ rcuric i . U -^ .omt.. . .. n a -'.M ■ . , i U-^e-^e^i>e «^^-^«-^»^ 
eH«es«T_*x^^-5 20 mole o Q f < « -o4-m «^'-Ui U .alL per 

the rpartflEits^. 

: r.-^.^ .... ^..Lo oolvnucio Q U O- ^'i 



^^^^^^^^^^^^^^^^ 
4^t^)Baj,j diffiauit i -n-aeh-revg-at-to^ • 

^^^^^^^^^^^^^^ 

to fune^i o u a. ■..bct^.^ ^ ^ f o r 



! pheap Hate c ou tvA—L pacta ■ 



- 4ndoc i d, t l iey Jrn i ncarn nr ^ t- a 4 



labeled RIBV pcohf< - v-au bti tJL . ibJured 

, - r LLm-lc ^i tH"" "^ ' "'"i-nq 



I - I. ■ *; 
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g ijulta al:: u u li o w fhe 



OF QlOTinTZFD— &^ 



Load 



(1) 
(2) 

- (3) 
* (4) 
: (5) 

(6) 

- (7) 



Eluent 



X 10 5 cpm 
10 mM Tr is 7,5 
0.2 H NaCl 

v5 M NaCl 
1.0\W NaCl 
8 M U^a 
6 M guakidine-HCl 
99% focmamide 
2 mM Biotits 
50 mM NaOH 



% om Retained on Resin 
T-DNR 



10 0% 
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■tee— t ht! S-pu^jiLisn of the py r i nf : 

iUU , uoo . 

7 3t cour s e, j y . ^ lio^il d ba , , V il y -Wer^d U.aL in ^gner^ 
^ n will nn. s i n.u 1 t an^ou^ b . 0 ninoc ' 

aca<tc^^nr t-u LIil -i-ll 1^"^'"" Genetic Corig Hcw«^«**-,-^-fe-ts 

intended hh.f -^" ^ ^ ' "7 

..^fea^r- rtiB t^uijuaul L uLlJ L S be u. u Jili L i i.. a L^U L-am n e with thl<l . 
iiiy yiiLiuii. - _:_ _^ , - . - - - - 

_thafl_aiia-4nod4# i u J i iuLl i ioH ^ r pr n -i^nf in rhp nU9 0°ie^-<» 
^ .. u. , t o r n.,. ^p ^ ^L u m L. o te Ll.it Lj ' " "' ^^^ ^-^^^'^^"'^^^^V 
tid o.. Tho rr1Mr ,.^ ^ u L in L hi. r n^n r d 1 . ^.^.^^h^^^^ 
. u u JUi.gt in n ^ n n ^ -^e-^ . ^ eaL Ll... the g .l.jnu r,4^^^^4^ 

j^^^^^i^y , iL ^haaid b ^-W^ .Luua that mo d ifi e^-^^- -^^^ - 
e o m u uti'ol". or cojotive . 
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4e3r3 : lUIA poly-mo r ago T I. 
uuluj employing the ng^jmo IiMft liqas a; 



— arrd 



■TEV-IM-J , , _ ^ _ 

■ e o lj u u u le = tidc= oe -his i n- .»«4a^«-^n«Y^^ g^L-.L-J 7^. 

.^^,,4 ^. U L ^ n i rrio ^Ui a . ^ uu ^nr^oLc d when . n . 

^iuuu uiii. - - - ^ - I. iinrill" bi- tuna"" 

eo u ' ^entional dotocti n n torhnimie s. 



uu. al i.ii. h in i in g rn nuLai. L. - (i r ^^^-l ^^^-^ j-^^^^i^ 



junetion . ..ihtw iuelcio aoi rJ a u l .l u.m i Hn m -■ ^ o ria1 ILhas, 

.^33^_(^,a_ ^.„ .a ^ and I , r ^ ' h . T CeJ^ ioL. 21 . 
m?- E A Bay^L' and M . Wii U i c U, Metho rl f: oC D i . a ch nnii oil 

^^^_,,^^^^^,,_^^^,,^tTiq-^ p c rty . Sin ce 3 7 id in a-^>«^e-t4y^ 
jb6<>f»e d n a n apocifi^ int-.n r n nf i rjns ■ 

de ^ .L iu , a i3 otropt . uiHi^ a.. 3.. i rl in ■ 1 H .^-^r^t^^^^^ 
. -ii^^aj ^ Lj Uhc Goi.1 o rg a n i «.^-&a£g^S2g^ aiiOinii • 

■y^egaf ^lon and pucifir^finn i a- ^ o acrih n rl in H ^ >4 4^«m, et-^ 

■ ■ , - ,c ni n n — Mil" nrjiil '1 ' " ^ 

^i^^^^i^^^^ tL, poi :=nti ri-.«^r«rt«? ^ in au^^licationc in- , 
wiving nuelaic aci4 -de» ^Lluu umUhodol oay . 

m on ocpccific l abbit I.G,- auLlbiotin immu noi 1 n hn 1 1 n Thi s 
^ uu m.d was pc.paro . ^ Lu.uaui.ing .abbi LJ '.^ i^^ - n mnne 
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0 ot^ 



T . 1 I - , i n ^ r n i i lU l Le 1 - 1 1 1 1 11 I ' I ^ -LY ' 



T , . DHA dupl - CLCi:, l7l ir l> -^e-t4VM-i^.- ^ .-.-^^ .^...^^ 
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■ -^1 ,, n i- ni — Inr^i r^nrt fng - 

■^^^a^-B^gtrt s. ill J patiant o^- ^U - ii- subje ct. 

" il-nnr- Thus, fnr nxamgjre^ pcni' 

-do^ iiuiim aiiLxbi a tir- r eei.3l.ancc. ■ 

„Uiu .1. ^ """^ N«v ^^ 

ninoiM.dXJ , t^f ia'-jt-xi"'- 'r--i" - 

.^^^^^^;,j^,ften LaLy bo tnc nuclQ i c -ai. lu -l . 

— t-^V^i i-it~1 G r'~IiLCtanC " — alK 



-be 
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ae q Uuuja of fnLaie^L ajo pronnnt . 




(in the -c 
peptid e. 

: W^^^-^ee^^petior^r- iu. u lVing mainly ^ ^^►^" ^^■^frgf-^ ^^ 

w^iuy J . rTnnr ' 'ia r a d i n . i T"^ . : """^ ^ / 
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...Lh l ull i n m nr l rrn - a^^ cLlLio ^ ''^ "^^^"^"^"^"^"^^T!*" 
■ paouro l ii niuc many Jjys ok weeKa, o' . 'an to _ '['I;' 1];^ 

I 



thym Uino m il n pii a ^■ .Lmui., . j l iini i n LliuL can h r 



inoo c- 



V ny — BTw^-— — — -J - - 1 u "Art 

AiU e L Ui b Lidiii U IN in ^ Lh. h..Uu mui-uul -J 

uuLiaonc f o r iffinUy putifio d L 'l hhi^ -inf1 -&iuLiu anti 
bodiaa^ ' Inunnn n f 1 n ni f eac^trt-ai .l.ibuC:; jauJ.iaiicc nn n.i wi fh 
.4i.«.r^sc^ n-iabel.d rj^ab a..Li labbxL- i,u ull u . Cor noM an d 

lu u uQg mababJliaJC eht o moaoni es ■ 
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-The p'-^'^^ i i^ L iludcd fr - 



_j:gu.jubou^2 i Kil uLi ajej: — Many o f tho aa 



^ u , u..ij.. L j U u ., L uifi= b3n ^ - nil Mill nrn^nnhil rh ^^«oeo«e 




a Jlii ^ lc chrQ.n nrn nP ^?re«H jn bUa hybrids 

■ oaft £0, 3 - 1 5 rai u . iLJ ir. . ubaLl ui . n f . hn 

.,^4^,^_,^j^l.-Fyge-ir dU«l«a Goat anti nabbi>> X g a (Ulli. L -. hnr-» - 



fro m .HL-ead-^.o .otot. ^ U u L qll . l J nn . n ,h io>> e^.^4^ 



Liion 00% the chromocom u cpm nn n o r 




T hQ c l w o d tranQpooable 
li iany oitu^ j al oi i 'g th^ Or 



aophlla gonotn e , Co mpaq L fion o f t-^i .e 



lUUJIl >-^-^ 3 — ■ 




Mi: 



•.Hit's- 



1 
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• SHI. ' 1 5 3 — — b-aildS dJ- <= 



„ , ,, , „-..- 1 J" " " ' 



T -.v^:^;--_:— ^ ^ .uau u Ji J - ^'^ h ■m o .:t_r ;' ri' ^ .. ' " '^ - 



- Whil 



1^0 may u u . 1 ^hir p ^otoco^-»er-^ 



1..: 



4m- 



I 



■4 

t. H]', 
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■ '' ' 



15 clifcimiC':iJ-lV uiuaificT t- 



^ wiUi J lidiJLmiiZJLioa i-oagonfe / . such a s 2 , 4 - din i t-mfl 



f'tfg?Tt ati6 jipregeidbly wUil e the im m un og lobu3r jrn--t^--bomTd du 
I |-aTT Li ^ e n .:a££inife y- ^omn (biotin-S e p ba^^^e-W^ A3 many aa 
" IS-Z O ha l Jtene (DNP) y iuutJb can coupl e d to -^e primary 

■a^^^^bo^yl^H^btTP^ Its dncl<j^a bHidlay diriiiity or^- 
.^^^egjjj^^jj^E,^;^^^ 1979). If th e E^ e4fl«H^Y 



afMHrfaodY-fei.-ti a L m e nt o£ the teat' sampl e is £o U.9^>^ l^V 
ir ni^ubati o n wjrth-^-fiTrcrr asegntly lab e l e d art tit-tigpTO^ 



i 7 £ u l -d Increas e- in nuuL « b ce »co oign ^a^-^an-^ acirrevwi. 

' Jll^ iii ue Q ue alJ O haa r ^ilable moiiubj j ijuir i c cj uin e a pig.ant i. ^ 
' li'^e^Wg-X^ we can ha pt^ nU^ l Ul^ .e uo aJary antibody -^^it^^-^ri^. 

^ — ' Dtr- 



-«ntr=*aptreii — l-g(3 yuyuiatiofis, 



Lin ' and :thua g en e fate two 

labolad gnfci-httjrtn-t^G and biotin-iabeied anci-uH-r 1^^. ifi- 
• Kf^q p h» u ^^ia- ^lL c. £aa L »l » L u ^LiliiyJB ^a^ utal lounda e£ 

jia pten -^ n j^JJ^v^ y ■.AiiJyijhin cr-and thert toUuwe >3 with gluor - 
TTP-^rr ^ l;.hPlPd p r.:u^ H ft fL ' om SJ^aohvlornrr.ifi autoua. -^^trtrh-- 
} ; '. fcrhids-spoc^& i ' .allY Lu I^jO nolcuulmi C t> m iiiiiii y m ni t minll ii n 
•;!;f i- ,^'? r^Mi^ rQ .c «l h in an e na emouo amp li f int io n o f , l-h A 
iljr ptiiudi-v ■'""-iboJy signal w ith its e onoomitant utiliM' . 

s":!;;- ' 

.i, ■ fluut accent pr ob e , (ab a n n ) o r -fr ^L u .hamioal r.agonr. ( hPl ^) 1 
tt^ lie'liLe u £ lUl u^LLi l ^ir. t^ i,i ■ JLlM">-uu.^iuil. 9 r nl y^'"-'"^ - 

.^^S_4JW- ^ airiul l ; C u . bi n Hn i Kas3n " ^"^^ '"^'"^"^ 

.!■! - iqT Lu 'lO^". ■X'l i ' i t ' i^'- i-^J'-'-ion "" ^ »n .L mne a ffi n ity 




.. . 



■_^,^rt>e-V^j^-te ^ wiLU .LL ^p La . iJl. i 'r, .r^ b l.uuis with- 
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,^,^^^^^^,,rtir^ -^^asl..lY added layer s. 

, ij i-p i ll n i 1 i ' ' am n i i nr s 
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3Li fc'pLd'J iJitl . 

^„,_^i,,^^.n^^ t = .- . h n fTi n r . ^M c . mu.h . d fnr 

the e in.l .» .^^W^...^- ua f1 .,n . e.>c^ n^-pi^^ 

,^4e^.y^^^^.,d^ou^ U . . .. , ..i4.>^^-v^^. »min « group. 

^g .c a L aU uJ I in roc the .rr a pr n-i^ n 1 n-hi nf ^^v^ 

c a.gar pr o r.L. i.- ^th n^ , .n - g.zymc wjr.H h.i oL i.v/1 gr n nr s 



J 
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iijj'.li iiiihil i,£irnr'Qn 



<5 £ L0 9 1 ^ 



irtre- auui e a c eucc of single cnpy ophps . 



■b^ ^ e. -u .,uL U L .i- ni T ^e bl u Ll. n l " ' 
^^^,,^^,^,,,^4>yfe^4^ aLl u u cha. -t^^1-^i^^i^^^' iL-e indis- 



•I ■ 

■L-_ n- eotnl yo^ain o r ra t-:i nnamha-yonic anti yM i, the proG , 
□ nee of n hi rh -^^-^j ^u o J Ll L Hqc »r nr i f i e-^rumu. . = 11^- " 
b^4 ^Liu.. d..a J.L L Ction of hybLii flnrlnxor ^h . ■ ^-w^^ 
■■pt:o^n,da--a--4B ^li o J £ql - detecting t h a ^« «ef-crt1rs. 

^. xamplco whic h f n 1 1n ^ .»^-^^^-ge^*^v-^^-^^Hnx5 ^.t. va.^ 
^ limL in a..y ^a , it. .=.pe .r me^..-?e^^ l^^ "^'^ 
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i ^y,,^|,e^j,^-^^-b4o ^ i yI UTP and tai otinvl - t^TTJS— 

{ . 1.0 mmola) ol dUTP my, 1.0 rnm rr^^-h-^- 

.^it,^rnn^, .^^;- W L^ a aL C Q - ^ C F n r 4 hours , then rn nlad 
on Icq, Li thil■1S .-eh^c.^^4^f^^ ^ ' j > 9 .0 u ^ i o la^) -^ ■ -^g ^^^^ P^ 
■ ^nd the solnr irm-^ A LL a c L c d ai.-t Llm a i-' '''^ il-h aii igual -^ - ^ ^ 

% t3B»-^#- eai^l dHJ L am L u i - amo;To gycp -r ^ Fgn 2 ■ Tiie-^^^ 

€WC3^j : am CAU- actluu jJiuubi ^ J ' vais monitored by QSti- 
aafejbfl^-^fefee- ui e i . curi e ^ L U u^Bii Lir afci u ii in tho org^n ir^ ^ 
^y cr u ci jig ^^--^ f ^ueUiilamiiiu) UiluL^ii^u u li u nona 

e£ nuGlGOtido moLuuu.^Li .-in . rlnt-nr m+iiea j j|J U^tL-oph.ot otn n t- 
^ lly foU n T . ,4 ft.g^^:od± naLluu .in ulx q u u L . .f ^ hn n< y iee^ 
^.^... ^^^ b^ Dale at . 1 ■ -^^4 ^. D^l^- D'^^ 

,2-^-^4^ 19751), wag L u uLiii c, lY befeun nn 30 and l On r T!iP 
.n^u Lia^ products ia Uic ag.io o u. lay r ar. -rhirh n f :t«.-ba^ 
e«t e ^ l u ady durin^ i ie eLl x ^l ao u LuL^ cjctracti o n. werp 
pgee^^jAa ted bv Ll iQ addition o£ throe volumoc of i tp- 
ee^A-^^fe« mjl diid uollactad by -^u i U iru ^ afaion . Tho pra - 
„ej:t»rtar^ s. wabliuU L.luL .iUi ^ u lJ al ^ a o lutc oth .. nn1 , ^ 
-^ ^^-wi-th^«^^ ti y a.-H eLh .- r\ and th ti u ii r irinri ^ T hg ^^::^^^!^-:. . 
■fi^^^are^^TTtgrc maLea im u l ^u L-J oJ u jc d for ^ >1n n^^h^- 

th.=r-a3:i:y^ ^ i aiie Llu^l ^o Lideo without f ..l.Hrit«^-p^ 
-fication-r^ 

^44a;^mino - r^nTP^-^aad^^Orlry^ing 



JEb* j mcirguratod nt .i e - lc u Lldei. (ul stop a) - wer«~^-£ 
.O^- l sodium acofca L e mr i ar pR n 0 .- W adju^LBa iio a 
coaee a L iaLion of 20mM (200 OD/ml &t 2(07 mn) . A froch 2 n 
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1 1 . 1 soluLXuu ul aiiyiaiuUm d.BL.L- Hi aqu y;in r imHr nriri - 

I was prapaxad b ^i i l r mlir -.d di n u 1 ■ 5 ml uf -,n y n n,tflO.-4j^ 3 

I ■ , , . Tf 1 r acid ■- — ^hJGQ m l 

■ ^e-^g-H ri (0.5 uun e KD -u I uu^lc j LlJ^ .nlut in n - Ono nu^ l -n - 
5 jj.d«-^4uluulyiii. gC i^/'^^l4' (l fi 3 mg, n MnXel ^-^ixar 

j;easfeief« — Oijuii addition of the pjlladium fiat- - (a l fs- - 
^tea^ mu) ■L hc a o lufcion g radually tjrned blT - k » i th mot -a l 
' 4B g and ff d ) d r^ ^n7i^^ it J i J ajrini on Uic ^ > on" n f re- 
,acfc49a- ^ coj al. Aft e r .. feaadj^ i-j r o om ^u^ ^ vcL^-^^r<^ f r. r 
m 31 i Lo m - T. the reaction nnri rtm .^ was p aaaod thrOT gfe-*^ 
-0^ imu L u i imbL - auc ril Lai- (nal^ ^. iu) tu mni u ^c moat r,g-Hrf>c 

brtc J Cl^e i-uld mid J L- Tll ^- J 1-^ of -BEAE- 

co4«».^>oX.»e-^^^^^r^«- ^^'^" ^ ^^t u L c buff e r 

pK. Ju eL ^ wcro cluL ^ d g j iu . i ^ u ae li te a r Uii l.l ijj jra di - 
(0.1 o,fl H) 0 1 eiaiti judlum ac i iLaLs a L pH 8-^' 
^ LxxaUiam i u in.iiii Liiu UlLdlbonate (TEBB) fit J-,^^—^ 
.^^tii^y Lu < la<.L ug. lii Lhu major U' . ' uL Ju i.l i " j n rr in n 

.aact ^uL u d b cL H uu a n i n 1 H.Jb il ^ulL. S tnn rt -m -> n-.- 

Jliux c d LUdt MM. p r^nl r . u .i L diu c J ja '. rr. ril r m r ln ^^ 

cii m rn rif i"-^- 1 '• ^"^^- ^ t ' l '-i'' - 

II 1 n I I i.iih-|-lTi M ■ " ^ f n-p ar^^e 

j,aj,i^oa-b^ t^tuton (HUl elemental -^ft a l - vji-J tru\ dUTP (f ^^ 
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■! ..aod-g-W- RluliaiJa, Proo. tK H ^l- Aca.l.3ci. — ^ 

t <Ii^^ul.ea ia. 30 ml nf n 1 M .nrt i m .- 

^ DCAB Ccphadar TM juAS^-gHre^g^xtli^ratrgd- vlCll O-I " 

-; .mljmt". T^ iiu to a euntaminanL ill i" ""- m^'^ -iOl ntifnT , 
ten^ .iu .L u ia . c, Ll i .- 

u r . old , th .nn1.1..e^ with othyl o U. . r , ^r^ ^^ 

-,n... ,-^n^-^:mned iate use, Lliu nn^l n.n t ,^ ^ - 

aL ,n 7.5, - a.iJ adjuc^cH - 

x^uc^^al »„a1y^x^-^^-HT^-fa^^'^^ aiid Ui u- uir i ^i r.^ 




-42- 



- L0.31J S , 3 „ 7 r k 



- ^4 ■ 3 320) 




-rf-^jig iUt-d U TT mid AJx Dir iCartinq matari als. 




(S»^ u.g, U .i UM u l L) IM I. r.ou l .L d in ^ 0 ml n f ^^ 
WiUiu au u UaU buXr . . uL pn : O .^aiiJ LUi M.nri n - : 

'(U ^itlir j mr'o^ S n ^ n ^nl n i W i^ea. i l iu^J u lu U':' n 



a l l SO'C lul 'l .-i im^^ — 

p^^d; ^ in the aquo en a iuj u . .^ ^i ^ I ' l ^ . i.MM f n^ by th ^ 
iliasb fcJiu^ui-Ls u:icd wi^-hout -Tnri - h er 



•J : 
n ■. 

1 
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-( pro * 



In [,1.1 — trtWiE-w" 



..^^move-Tltfetal pit 



bu ml - 



The nuc 1 CO ti c^ ft 



uiujg^i. .uii 'B" -il* ^-- _ I, 



IT4 013 ^3 ^^'^t 
- 2.G3, It7 9-67. jh^4r4r^ 



round C ,- 2a . l6 t-ft^ 



2H2OI ; 



^ dCTI* and 'Xft ^C^ 



,ve ninhyfirin test 



f 



■ Exampl Q S '^^ri^ 6 
.^.t^he^x^ lLMii n - in - — T.HnnMnHnvl-dUTP 

. n 1,^11,^ -inrt V HU 



ana ft» r; ■ — rtAuxx^^wn — — — - , 
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TU . prnfl n r^ r r^ a^n u i a .mal l n mn m.t of ^H/l'^ - 
^^^^^^^^^^^^^^^^^.,^^,^^^^ ^1^ .mUi^Jxlu L..^. nnn- 

■■' ^^^^^^^^^^^^^^^^^^ 




bio-tin-uuux i- r- 

_^^^^_^p^^,,,3d-b^ .. addition . f 



- exam p le i 7 and C h 



added- biu.ii Ha a f ■ hnnri)- t u ml u l 1 1 i TTi^n nm^ 

,,y^ iae and the „d. ....r^^ ^ea L u . L .nd -^ ^^ 

_ .ill -rr-r- — rTrmOVeG 



^[^I^o^^t^c ^ou... C.u u a. a^ on±^-wa^oved^>^^efe^ 

: ^ 



low— 0 3.J. . - rui^^^l^-^-^ ' _ . ATTT^TS 

, . 1 : _.i uL,ui - J mercug i -nT J^g 

.^...^-...ote^^^^-merc ^ i-" ( 0 .2 ...ul -t-^^r^t^^ot^^ 
^_^_„dr ^ 0 .i .1 .udlLuu i L^L a l ua^u- -L -.n 1 0, nn^ . l -o 
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acotic 



and 0.1 had ''^ ^ ' '•'" ' ^^ 2./ ;] ? !^!!^!^!^^ 

a£-- 43 an d i1 7 niM , rrTfrti irpi y onu uuuxTn 1 -irf ui !'.it'vil.i4 

(0 1 nr n 7 -u.uLmO -n^ .d^nd i n i ^i.>^.>-^^^e-^»^^n • 

,SB_BEAE-S«p UaJex uning saali u .. jiaai uil . (0.1 O -S M) ^ 

^^^^^^,^^^^^^y_^^_^fa^ . o L au u i i A i" T TT i p) M„n h,. ^t«miy 
we ^ ub Luii. u a u l . IIH I H i^ .c u i: p a rl£i c-.<-in n af 4 ; e ^-fehe 

l o w light 1 n .. .1 v 4d.^ ^ u .. Pox - '-^"^^ "t!!!!:;;;;^^ 



■J 
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Aiu xauiii I 1 J ^ . . -V "y iHnT.n.ixj. 

^^^^-..^-^^-^^^^-^^ ^ " i^-^-^' ' ' Aini ^ 

.^..-.<..-o^c.cn ^na a . . ix L u- .U ^ 't!::;^^ 

^^^.^helad-^ l u n cj coul d -h ^n h. ^-u^e4-^»^-^^L.a "^^V, 

iU^ju lalj i il.. =ould h.v -4tse ^ x. 'riGua] , o r 



^^^^^^^^^^^^^^^^^^ 
. .^^^_^^.^„^ „t « r nn.1y<;i^ .^^^^de ^y '-f Ll:^^ ^::^^ 
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numbc 



■ i^uyi^-^ the po 



3t Qon d aTTSPd 



rjjmo in iT-'^ 11 ^ ' ■ hromoaoine ^ 

i ' l iu. nh-M r-Ml ..il.^^e-efe^ai.^ad^r 



■ enc whioh- 



'omasome-^ By . _^ 

±H^ i vidyu b^oL u u ill a ri u u L/tcTU L-Lc i .yct Qin n nn ? 



Kir 



- Ml>.roo q gani6m O B tny-^ io a-^d identi-^jraafcion 



wu-i. j-i-t I — - 



'a?hl3 'can be done uoincf - 




for i nttinni f-;i*4 



"or by . 



i: 



if -GHft . je u miU L J e i »Ul u h ia .-juLal iiea in dim -ini 'umI ir te— 

3 la- 6pacj.fi.c- fe >... g geaioWiiCO pi i r, „ i rl-<:uuLai»iBg one or i 

baon a rl a.- ^j iu ufj l .i n iM.n r in1 nH.U u l a ° "" ^ ^ ^ 
j U dlii u uii 1M- ili- tiuL-J and tUcii uuiidj i ir ajLimatad if 

be-»e a 3 meJ. In Uil- >^JJI the imuib.-i ul urgan3.amc con- 
U miii j i rrnrifi-^ .o ,| n.„..a =mi bu m LU J . r . J in ^ niivtnr^ 
■ u J bacto r i ii ■ 







■B y way □£ — a dCi L ional bQckgco u nd wi fh r pspao ^g-trtT^ 
aJ^44^^€e^ i u £ Lha biotin polynucl go t idoc o£ the :ih o uq^ 

' i^eftHr JIib i O LaiiLiUL l L q1 articl e i R-ggge-^-i iaiil • Acad. 

_5^:uU-g6jir7 LUb ! publication by P P r ,i n r) ar -Sa ^e^r-?^ 
Lavino and t>. C. Ward in GGnotics e nftiMPf i "ft p. 
X romunlo ri ie ^jr-t faLUud Tul tAa |j pin»j GcnGC on DcQCophlj^ 
Eej ^ette Clii umu o ainc.& '\ descri be J a l uiLl - iud L mfcjluv in'j 
■^^eHr i r iated nu ^ l^uLiUea n prnhe for f . hg I nrRliTaMnn 

-o r DMA 5tt4Ub ! iiL U o hybL-ldiaod in si>:n to Dcosn^ hllg^ 
l^ly tL nc Ghrom>:j ' 7omeo. In thii: appl ^ f i ^'^ -^ ^'^ P^^^^^^ 

. at e deLeuL^g ujin g affinity puuifio rl r i hbit antihi n t -i n 
antibody a s the primaiy antih nd y r md ClaoccoGGnatod cra at 
anLirabbifc — diiLiUud^ ab the jGc u udaiy aiiLiUudy. "^^rx^ 
dijcl u ^iur e a u£ Lhia Langor - S afoc ot b1 pu L li L. i lJ . n n in 
Qcnoti c- ^ -^-^ innnroocQbcd and ma d u p a ct: of ^h i^ 

diGcloGuc e . 

e thor tochniquo n nmploying bi . oU n 1 ihnl n d LLU Li eiita u ith 
aA Udin or onayin a ^3 . abclcd avidin uLu yi iuLJ are Kii u w i i £or 
bh»-^i&Jb^g ^ion and do tormination of Uganda in a liquid 
tnt^ dium. s ee n W^euL 4,220,237. Mju, i t 13 kno wn to 
cf f a rt g r nn pn r ^ ^hmnni- hnrio d o n n ui d i n - b - f e-Liii iiiLeL- 
action , pai-Liuulai - lv aj applied Lo Dro£0£ ^ii»- l iboaemal 
RWft-? enoc . G OG t - ho J . Manning, tl . r uni- gLiiiX -^^.t^ 
:^,r^c^p.. in i.^ntion in Bioc l iumia tcj' , Vol. 1 6 ,' .Mp . 7, ^ 



pa^Qg .1 ^-&»-Hr»r?^ OLliei publications o £- 



oapGct to tho praGticoc 
-ftr 



bnrl'Qrnnnd — intorost with 



^-^,^^4e ^ euLlLlbtd "Stjquen oe at the Site u f ALLaoh mnn t o f 
-^fi-A#f ^iiiLy-Ldbt=!l D <dLivaliue of Pui o mycin on 23 - 5 Rib o - 
,^nniAi,-aNjexrg lischeLicliia ^.u li Uiboa o TneG", Jj_ Bigch gm. 
-82, 22: 231 (I Uj'U) . ' "^ ^ 1 I iL-lt » by G. B . Simmocman , S . 
R/Kocnbcrg anc^.A. U u iub c i-g o nKtlcd "Clucosy i i nn -of 

ScoKyribonucl^ir A<^44-^ Glucubyl Ti. aiiof l l aj^a from 

. .A rr. TnfQGte< h- g SL.lndL - ichia coli in Tho Joucnal 
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aMd;^ GluL-usyl Tl ai...r.L - aocc frnm -Tn f ^rL ad- Xs^^^^^^re^ 
coli", il"" ^^pr mrin n in The Journal of Bio>e^iCQi: 
Ch o mi G t -fY T -^^^l • ■ 19&^ . 

&€- i : uLUieL iiiL L- L L Jl: in connccti n n vi1-h hhP -fi^fe-^^^^-^yg— 
^.tfej^ ia^.Gntio^ aro t: h a p u bl i r : Rf i ono app e ar i R ^-^r^^-th^ J^- 

& iol. ChGR h.- r-¥ejeT -23Q, H o . ''j . »ay 1961, p a g -^s 

4 40 7 1103, Lhe aamc publioQtion; Vol . 2 37 , Mn . ^^-pagas- 
inCI 120 3 (t ^' ): Hir -,HM^ | M i i , l i. . .l .iQ L i vol. 23 0 , ^1o ■ 9 r 

3 (1904). or jpcGial intorocft U ^hff 

aiLicl c i appealing The Journal o f - tii3 tochemlG t ;^jetg:Qd 
&,.teeeh«n ±JLLj , Vul. 27, Mo. 8, p a j cn 1 131 1130 (1979 ) 
cmd In th i i publication tluGloic jVcid c PPff^arrh . Vol 5^ 
jjo:_^ 1077, p u4ja3 20G1 2073 . A1 ..U o£ intoroGt is thf> 
ar ticle appctttiu'j in the publicat io n Binr]U ;g4gg^^ 
Diophycica Actl hy A -Da-JJ ^ < 3 mHiitlc rl "qp o rifirUy 

.-BjHg ^L e uu c i UuLi^ g gu Lhu n yl ruxymy Lliy 1l^ Lu ^inu /"Glucoa yl - 
Jg ^ ^ ^^5rbLa3 CJ Induced by Dae^ ^ ci iufcjliat)Lo T2 , T4 diid TO ^ 
^ e^3 a OG 30^ ana ala o U ic ai - ticle b y T. W. tlort - h an d 
e: K. HathQwo -e nLlLl^J "T4 Phage C u J e J DtLOity L jLidylafc e 
jiy4^x ^ u LebhylaCG. Tur - ^ ^ie^ Li u u and Ctudi oG in I ntnr - 
m ul u^ula r In ^^ r n r M - n^ " , pMhiir-ho rl } jm A u a d cm i n Pm n g ;, 

y s^ ^i s^ OOP 0 0'* aiiJ Lha artiolG by C. A. Day n r n nd 
44 . WUchGk o n LiLleJ "TIil Uj l l o Z Avidin Bi o Lin Cotnplov a s 
- a Tool in Mnloe ulai Di u l uij,' i n f l nH vvh . u C D i nnhnnvie^l 
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^^^„_j^,^,tndg-Trtr k L LdMslaLi ui . o f m rs nnp1nYinq -miA 

^^^4^c4^«^d-M.^-^>iH.^^* ^ I. . . 1 . layUi, 1 . 1. Di . Ucma n n -. 

^-^a^e^ a . .^ L. DL. j Liili Li .J "Lab u li m U . u i.jLll . i H.t c 

^ ■ la Lu lU,! . Op. = ifi° A.t,viP , r in ui^r^ h ^^l4^^.-^»»»i^- 
with D»ft - f^iyme..a^ c" ii. J^, I j u l. MmI^ H07T) i-^i3T- 
a- 37 - 251. WiLli LL-ok^uL-t to the rocovocy o f r R g tavia 1 n , 

Hontibollor inri F w — EOw-w^^e'J "imln obiafcj^ 
^^;^^^44i^^ej^ mn■. auJ Lhclr ly r r 1 i ^afeio«- to He*«*^m^^ 
_aj^.apfew4«l4f>^ in rroe^ 2± r^ °''- 
^te:r- t», y t^ . 4000 ICC O (lOfl^H -r Uibi-lu^t!o J juitnbl 'e 
^pcn i- h '----- ^ , ^..u.«.. o£ ati^ p tavidin ff o m a . 

b L oL U. Sttep lr dviOi.. o-i^^i^al a-^ a Leu yc uL lu onn o f 
■ tlitt tJ LJi-Li>.t.3 ur thio invon biretw 

The aforementioned publ^ications are herein incorporated- 
and made part of this/disclosure. 

gTIHMARY OF THE INVENTION 

in accordance with the practices of this in,,ention 
nucleotides are-codified-; such-«-at position-^f 
pyrimidine or the 7 -position-of purine-,- preparatory for 
the preparation therefrom of nucleotide probes suitable 
.£or attachment to or incorporation into DNA or other 
nucleic acid material. m the practices of this inven- 
tion nucleotides, i.e. nucleic acids, preferably are 
modified in a non-disruptive manner such that the 
resulting modified nucleotides are capable of incorpor- 
ation into nucleic acids and once incorporated in 
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nucleic acids the modified nucleotides do not sigrtT- 
.icantly interfere with the- formation or stabilization of- - 
the double helix formed of the resulting nucleic acids 
containing the modified nucleotides. The non-disruptxve 
modification of nucleotides and nucleic acids incorpor- 
ating such modified nucleotides is in contrast with 
those modifications of nucleotides which are character- 
ized as a disruptive modification in the sense that the 
resulting disruptively modified nucleotides and nucleic 
acids containing the same block proper double helix- 
formation, irr- the -practices of this invention, the 
nucleotides are desirably modified at the -5 position of- 
the pyrimidine or the 7 position of th* purine. The 
nucleotides so modified are non-disruptively modified 
and nucleic acids containing such nucleotides are 
capable of forming a double helix arrangement. 

Broadly, in another aspect of the practices o£ this- 
invention various methods are useful for the tagging or- 
labeling of DNA in a non-disruptive manner. For 
example, biotin added on the end of a DNA or RNA 
molecule. The addition of biotin is accomplished by 
addition of a ribonucleotide. The 3 ' , 4 ■ vicinal . 
hydroxys groups are oxidized by periodate oxidation and 
then reduced by a borohydride in the presence of biotin 
. hydraiide. Alternatively, car-bodi-imide can.-also be used 
to couple biotin to- the aldehyde group. 

Another technique for tagging nucleic acid material such 
DNA or RNA involves the addition of a large marker to 
the end of a DNA or RNA molecule. One example of this 
technique is the addition of a molecule, e.g. Iv^l- 
glycine, where the amino groups are tagged with biotin. 
Another example would be to follow the procedure set 
forth hereinabove but employing carbodiimide ^ the 
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cross-linking agent. Stili another example of this 
technique would be to produce a biotinylated dA:dU 
double helical polymer and to ligate this polynier to 
the probe prepared in accordance with this invention. 

Another technique for tagging DNA in a non-disruptive 
manner involves the isolation of dPyrTP having a 
putricine oc spermidine on the 5 position from PS16 or 
phage-infected cells. If desired, dPyrTP is made from 
phage DNA and phosphoryla ted to dPyrTP followed by 
modification of the polyamine side chain by means of 
■ standard nucleophilic reagent NHS-biotin. 

Another technique for tagging DNA in a non-disruptive 
' manner involves the addition of glucose to 5-hydroxy- 
methylcytosine (5 HMO in DNA using T4 phage glycoslya- 
ting enzymes followed by screening by means of a lectin- 
based assay- 
Still another method for tagging DNA in a non-disruptive 
manner involves 5-HMC- tr iphosphate made from the 
hydrolysis of T4-DNA followed by phosphorylation of the 
5HMCMP to 5 HMCTP. 5HMCTP is then incorporated into DNA 
using polymerase I. Thus, any DNA can be modified to 
have non-disruptively incorporated therein 5 HMC. 

A method for tagging DNA in amildly d i sruptive "manner 
involves reacting' nucleic acids in the double helical 
form with alkylating reagents as for example benz(o)py- 
rene diol epoxide or aflatoxin. Under appropriate 
conditions the n2 group of guanine, the N^ group of 
adenosine or the group of cytosine are alkylated. 
These modified nucleotides can be directly detected with 
antibodies or can be used as linking arms for the 
addition of a reporter molecule such as biotin. 
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The following examples are illustrative of various 
embodiments of the practices of this invention: 



EXAMPLE I 



Biotinyl-N-hydroxysuccinide ester (BNHS) was prepared 
according to a method of Becker et al , P.N.A.S. 68 2604 
(1971)-. Biotin (0.24. g, 1.0 mmol ) was dissolved in 5ml 
dry dimethylformamide. Dicyclohexy Icar bodimide (0.21 g, 
1.0 mmol) and N-hydroxysuccinimi.de {,12 g. 1.0 mmol) 
were added and the solution stirred at room temperature 
for 15 hours. After filtration of the subsequent 
precipitate, the filtrate was evaporated at reduced 
pressure the residue was washed twice with ethanol and 
reccovered from hot isopropyl alcohol to yield a white 
crystalline product having a m.p. of 216-2180C, 



EXAMPLE II 



Biotinyl-l,6-diaminohexane amide was prepared as 
follows: A solution of 1 , 6-d iaminohexane (320 mg , 2.0 
mmol), dissolved in 50 ml water, was brought to pH 8.5 
by addition of carbon dioxide. Biot inyl -N-hydroxy- 
succinimide ester (100 mg, 0.29 mmol), dissolved in 10 
Iml-dimethylforTnamide, was -added. . After . 18;^K?uy;^tj:o^^ 
"temperature the mixture was evaporated and the residue ■ 
washed with ether and subsequently dried in a dessicator. 
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EXAMPLE III 



.Polybiotinylated pol y-L-1 ys ine was prepared by the 
eollowing procedure. Polylysine {100 umol lysine) 
dissolved in 2 ml 0.1 M sodium borate, pH 8 . 5 was added 
to biotinyl-N-hydroxysuccimide ester (17.5 mg , 50 umol) 
dissolved in 0.5 ml dime thyl f ormamide . After stirring 
at room temperature £or 18 hours, the mixture was 
dialyzed against 10 mH tris buffer, pH 7.5. 



EXAMPLE IV 



Oligodeoxyribonucleotides were end-labeled using 
cytidine-5 ' -triphosphate and terminal transferase as 
follows. Purified phage DNA, alkali sheared with 0.2 N 
sodium hydroxide and diluted to 2 A26O units/ml in 
potassium cacodylate (0.1 M) , tris base (25 mm), cobalt 
chloride (1 mM) and di thiothreitol (0.2 M) were used. 
To this DNA solution {1 ml) was added cytidine-5 ' -tri- 
phosphate (10 mmol) and terminal transferase (200 units) 
After incubating at 37° for 5 to 8 hours the reaction 
was stopped by th'4 addition of neutralized phenol (100 
ul), 0.5 M EDTA (100 ul) and 1% sodium dodecyl sulfate 

(100 ul) . The DNA was purified by gel filtration 
-chromatogra^y .through Sephadex _G-i00 ^'='^^^f^^^^::,;:r^: 

precipitation* with ethanol; — , 



-57- 



EXAMPLE V 



■Biotin and polybiotinylated poly-L-lysine were coupled 
to oligoribonacleotides using a carbodin,ide coupling 
procedure described by Hallo.an and Parser, J, lH!!Hn£i.. 
96 373 (1966). As an example. DNA (1 ug/mll . 1 ml) 
T.is buf£er pH 8.2. sheared with 0.1 N sodiun. hydrox.de 
was denatured by boiling for 10 minutes and quick 
cooling in an ice bath. Biotinyl-1 . 6-d iaminohexane 
amide (2 mg. 6 umol) or polybiotinylated 
(2 mg) and l-ethyl-3-diisopropylaminocacboimide HCl (10 
mg. 64 umol) were added. and the pH readjusted to 8.2. 
After 24 hours at room temperature in the dark, the 
mixture was dialyzed against 10 mM tris buffered saline. 
DNA was precipitated ethanol. 

EXAMPLE VI 

r 

Biotin. conjugated to cytochrome C. was prepared by the 
following procedure. To a solution ol cytochrome C (10 
mg) in 1 ml of 0.1 M sodium borate. pH 8 . 5 was added 
biotinyl-N-hydroxysuccinimide ester (10 mg . 29 umol) in 
1 ml dimethyl formamide. After 4 hours at room tempera- 
ture, the biotinylated protein was purified by gel 
c^'elitl^tion chromatography throug|>..a S^phadexTG^Q^^-n^ 
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EXAMPLE VII 

Po.maldehyde coupling of cytochrome C-biotin 

:,aes.we.e c.r.ed out usin, . method s.^Ua to 
described by Manning et al , Oiromosoma, 53. 107 (1975) 
OUgodeoxyribonucleotlde fragments obtained by sod.u™ 
.ylxlde .hearing of purified 0«A (100 ug/. m 0 ™M 
tllethanolamlne, pH 7.8 were denatured by boUrng for 10 
Minutes followed by gulc. cooling In Ice. Cytochrome C- 
biotm 0.05 g ml or polybiotlnylated poly-L-lysine 
solution ,0.05 ml, dissolved 3 mg/ml In 10 mM tr.ethan- 
olanine. pH 7.8 was added to 1 ml at the ^-^^u"^ 
oligodeo.yribonucleotide solution along with 0.1 ml of 
6% formaldehyde In 10 mM tr lethanolamine . pH 7.8. After 
stirring at 40° for 30 minutes the mixture was dialyzed 
against the same buffer. The ollgodeoxyribonucleotxde- 
biotln complex was finally purified by gel filtration 
chromatography on Sephadex G-lOO followed by precipita- 
tion from ethanol . 




EXAMPLE VIII 



Double stranded polydeoxyadenyl ic ac id : polybiot inylated 
deoxyuridylic acid was synthesized as Eollows. The 
double stranded oligonucleotide polydeoxyadenylic 
acidipolythymidylic acid (20 ug ) of length 300 basic 
pairs, dissolved in 200 ul exonuclease III buffer 
consisting of Tris-HCl pH 8,0 (70 ruM) ; magnesium 
chloride (1.0 mil) and d i thiothr e i tol (10 mM) was 
incubated with 100 units exonuclease III for 20 minutes 
at 20°C, The partially digested oligonucleotide was 
immediately extracted with phenol, and the DNA was 
precipitated with 70% aqueous ethanol. The partially 
digested oligonucleotide was redissolved in 20 ul 5mM 
tris-HCl pH 7.6 and incubated at 20OC. for 2 hours in a 
reaction containing 2'— deoxy- adenos ine-5 ' -tr iphosphate 
(15 uM) thymid ine-5 '-triphosphate (the amount determines 
the degree of substitution) and biotinylated 5-(3-amino- 
l-propene) 2 ' -deoxyur idine-5 ' -tr iphosphate (5 uM) , 
Klenow DNA polymerase I (200 units) dissolved in 0.1 mM) 
potassium phosphate, pH 8.0 at a concentration of 0.2 
units/ul. The biotinylated poly dA:poly dT, biotinyl du 
was purified by gel filtration chromatography on 
Sephadex G-100. The DNA was enthanol precipitated and 
redissolved in 20 ul of solution containing sodium 
acetate pH 4.6 (30 mM) , sodium chloride (50 mM) , zinc 
sulfate (1 mM) and glycerol (5%). Si nuclease (200 units) 
was added, and the reaction was incubated at 37° for 10 
minutes. The reaction was stopped with 1 ml ammonium 
acetate (4 M) and 6 ml ethanol. The DNA was repurified 
by G-100 gel filtration chromatography and ethanol 
precipitation , 
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EX AMPLE IX 



Ligation of poly dA:poly dT, biotinyl dU to oligodeoxy- 
ribonucleotides was accomplished as follows: DNA 
fragments from alkali sheared purified DNA (as described 
in Example VIII) were digested with Si nuclease and 
reputified by phenol extraction and ethanol precipita- 
tion. " Blunt ended DNA fragments (1 ug) and poly dA:poly 
dT biotinyl do (2 ug) were dissolved in 6 ul at a 
buffer containing tris-HCl pH 7 . 4 (66 mM) , magnesium 
■chloride (6.6 mM) , adenosine triphosphate (24 mM) and 
dithiothreitol (l.OmM), T4 DNA ligase (50 units) was 
added and the volume brought to 20 ul with water. The 
reaction was incubated 3 hours at 37°C. The DNA was 
purified by gel filtration chromatography through 
Sephadex G-lOO and was ethanol precipitated. 



EXAMPLE X 



5-Hydtoxymethyl-2'-deoxycytidylic acid was prepared by 
enzymatic hydrolysis o£ non glycosylated phage T4 DNA. 
Purified phage DNA (2 mg). dissolved in 1 ml 50 mM tris 
pH 7.4 and 10 mM magnesium chloride, was incubated. 20 
hours with deoxyribonuclease I at 37°. The pH was 
adjusted to 9.0 and sodium chloride (20 mM) added, 
snake venom phosphodiesterase (0.05 g units in 0.5 ml 
water) was added and incubation continued at 37° for 5 
hours. An additional 0.05 units phosphodiesterase was 
added and incubation continued 18 hours. Nucleotides 
were separated by gel filtration chromatography through 
sephadex G-50. 5-hydroxymethyl-2 ' -deoxycytidy 1 ic acid 
was purified by reverse phase high pressure liquid 
chromatography. 
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EXAMPLE XI 



5-{4-aminobutYlaminomethYl)-2-deoxyucidylic acid was 
obtained by enzymatic hydrolysis of DNA from phage 0W- 
14. The phage was grown on Pseudomonas acidovocan s 29 
according to Kropinski and Warren, Gen. Virol- 6, 85 
{1970), and the phage DNA purified according to Kropinski 
et al, Biochem . 12, 151 (1973). The DNA was 
enzymatically hydrolyzed with deoxyr ibonuclease I and 
snake venom phosphodiesterase using the procedure 
described elsewhere (Example X). 5- ( 4-aminobutylamino-. 
methyl)-2'-deoxyuridylic acid was purified by reverse 
phase high-pressure liquid chromatography. 



EXAMPLE XII 



Biotinylated-5-(4-aminobutylaminomethyl) -2' -deoxy- 
uridylic acid was prepared as follows: Biotinyl-n- 
hydroxysuccinimide ester {70 mg 0.2 m mol) dissolved in 
1 ml dimethylfocmamide was added to 5- (4-aminobutyl- 
aminomethyl)-2'-deoxyuridYlic acid in 20 ml 0.1 M sodium 
borate pH 8.5. After 4 hours the solution was concen- 
trated to 0.5 ml by evaporation, and the biotinylated 
nucleotide was purified by reverse phase high pressure 
liquid chromatography. 
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EXAMPLE XIII 



5-formYl-2--deoxYuridine prepared according to Mertes 
and Shipchandler. Heterocyclic Chem^ 1. 751 (1970). 
S-hydtoxymethyluricil (1 nmol) dissolved in 20 ml 
dimethylsulfonate was heated at IOQOC. with manganese 
dioxide (2.3 mmol) Eor 15 minutes. The solvent was 
evaporated at reduced pressure. The residue was taken 
up in hot ethanol and recrystallized from ethanol to 
yield 5-formyluracil, 5-Eorraylutacil (0.10 g) was 
silylated and dissolved in dry acetonitrile (2.5 ml). 2- 
deoxy-3 5-d i-O-p-toluyl-D-c iboEur anosyl chloride (Bhat, 
Syn. Proc. in Nucleic Acid Chenu. Vol. I. P- 521 (1968) 
(p 22 g) and molecular sieves (0.2 g) were added, and 
the mixture stirred at 25°C. for 40 hours under 
anhydrous conditions. The mixture was filtered and 
evaporated. The resulting oil was treated with 
anhydrous ethanol (2 ml) and chtomatographed on silica 
gel to obtain the partially pure anomer which was re- 
crystallized from ethanol (M.P. 195-196°C.) The toluyl 
groups were removed by reaction of the product in 
methanol benzene with sodium methoxide. The mixture was 
neutralized with Dowex 50 (H+) . 5-f ormyl-2 ■ -deoxyur idine 
was recrystallized from ethanol M.P. 175-176°C. 
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EXAMPLE XIV 



Biotin was coupled to 5- £ormyl-2 ' -deoxyur id ine as follows: 
TO 5-foi:myl-2'-deoxyui:idine (. 320 g, 1.0 mmol) dissolved 
in '300 ml 0.05 M sodium borate, was added biotinyl-1 , 6- 
diaminohexane amide {0.74 g, 2 mmol). After stirring 
one hour, sodium borohydride (0.2 g, 5 mmol) was added 
and stirring continued for an additional 4 hours 
followed by the addition of 8 ml IM formic acid. The 
biotinated compound was purified by reverse phage HPLC 
' eluting with methanol:0.5 M triethyl ammonium acetate, 
pH 4.0. 



EXAMPLE XV 



Biotin was coupled to 5-amino-2 ' -deoxyur idine as follows: 
5-amino-2'-deoxyuridine (0.24 g ,^^1 mmol), biotin (0.25 
g, 1 mmol) and dicyclohexy Icarbc^imide (0.21 g, 1 mmol) 
were dissolved in dry dimethyl formamide and stirred at 
room temperature overnight. After filtration 
and evaporation of the solvent, the residue was washed with 
ether. Tb^ biotin-coupled product was purified by 
reverse phase high pressure liquid chromotogr aphy using 
a water methanol gradient. 
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EXAMPLE XVI 



5- (oxy, acetic acid-2 ■ -deoKyuridine was prepared accocdmg 
to a procedure o£ Deschamps and DeClecq. J. ^ 
21 228 (1978). 5-hydroxy-2-deoxyur idine (282 mg. 1.15 
;;;;;;;i, was dissolved m I.IS n,l. in potassmn, hydroxide 
(1.16 mmol) after which iodoacetic acid (603 mg , 3.4 
mmol) in 1 ml water was added. After reaction at room 
temperature for 48 hours IN HCl (1.06 ml) was added, 
concentration of this solution and addition of ethanol 
yielded a precipitate which was filtered, washed w.th 
cold ethanol and recrystall ized from hot ethanol. 



EXAMPLE XVII 



Biotinyl-l,6-diarainohexane amide was coupled to 5-(oxy) 
acetic acid-2'-deoxyur idine as follows: Biotinyl-1 , 5- 
diaminohexane amide (0.74 g. 0.2 mmol). 5- (oxy) acetic 
acid-2'-deoxyur idine (0.60 g. 0.2 mmol) and dicyclo- 
hexylcarboimide (0.41 g. 0.2 mmol) were dissolved in 5 
ml dry dimethyl formamide and remained overnight at room 
temperature. The reaction was subsequently filtered and 
the solvent removed by evaporation. The residue was 
washed withO.lN HCl and ether. The biotinated undine 
derivative was purified by reverse phase high pressure 
/ 1 iqu id -cht bmatog r aphy us i ng- a water -me t hanpl -g rMi«."t_..^ - 
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EX AMPLE XVIII 



Phosphorylation of 5-subs ti tuted pyrimidine nucleosides 
was accomplished by the general procedure described 
below for biotinated-5-(oxy) acetic ac id-2 ' -deoxyur id ine . 
The nucleoside (0.16 g, 0.5 mmol ) was dried by repeated 
evaporation from dry pyridine and redissolved in 10 ml 
dry pyridine. Monomethoxytr i tyl chloride (0.30 g, 0.8 
^mmol) was added and the mixture stirred at room 
temperature in the dark for 18 hours. The solution was 
diluted with chloroform (200 ml) and extracted with 0.1 
M sodium bicarbonate. The organic layer was dried and 
evaporated. The tritylated nucleoside was redissolved 
in dry pyridine (20 ml) and acetylated by reaction at 
room temperature with acetic anhydride (0.1 ml, 20 
mmol) . The mixture was cooled to 4^0. and methanol (40 
ml) added. After stirring 10 hours at room temperature, 
the reaction was concentrated by evaporation. The 
compound was detritylated by dissolving in 1% benzene 
sulfonic acid in chloroform (20 ml). After evaporation 
of solvent the nucleoside was purified by chromatography 
on silica gel eluting with 2% methanol :chloroform. The 
3 '-acetylated nucleoside was dried by repeated evapora- 
tion of dry pyridine. A mixture of pho.iphorous ^ 
^ychloclde .(100 ul , 1 "imol ) , -( 1-H) . T. 2 , 4-.trJ^^ 
^'h4o'''mg,- 2.~2 mmol) and tr ie th7rainine-T26"o: ul% irO .mmdlT- 
was stirred in 5 ml anhydrous dioxane at 10O-15OC. for 
30 minutes and at room temperature for 1 hour. This was 
added to the 3 ' -acetylated nucleoside, and the mixture 
stirred at room temperature for 1 hour after which it 
was cooled to 0°C. Water ( 5 ml ) was added and the 
reaction stirred at room temperature for 18 hours. 
Barium chloride (100 mg , 5 mmol) was added and the 
barium salt of the nucleotide collected by filtration. 
The salt was washed with water and ether. The barium 
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salt was converted to the sodium salt by stirring with 
Dowex 50 (Na+ form) in 10 ml water for 4 hours at room 
•temperature. 2 N sodium hydroxide (2N, 10 ml) was 
added and the reaction stirred for 15 minutes at room 
temperature after which it was neutralized by addition 
of excess Dowex 50 (H+) form. The deacetylated 
nucleotide was concentrated by evaporation and purified 
by reverse phase high-pressure chromatography. 



EXAMPLE XIX 



5-substituted pyrimidine triphosphates were chemically 
prepared from their respective 5' monophosphates using a 
procedure of Michelson.' Biochem Biophys Acta, 91, 1, 
(1964). The example of 5-hydroxyn»e thyl-2 ' -deoxycyt idine- 
5 '-triphosphate will be given. The others were similarly 
prepared, 5-hydroxyme thyl-2 ' deoxycytidylic acid (free 
acid) (0.63 g. 0.2 mmol) was converted to its tri-n- 
octylammonium salt by suspending in methanol and 
addition of tri-n- octylammonium hydroxide (0.74 g, 0.2 
mmol). The suspension was refluxed until a clear 
solution was obtained and the solvent removed under 
vacuum. The salt was dried by dissolution in and 
subsequent evaporation from dry pyridine several times. 
To the salt, dissolved in dry dimethylformamideJO.l. ml), 
'^^^andf^dioxane (1 ml) was added diphenylphosphochlor'idate 
(0.1. ml) and tr i-n-'butylamine (0.2 ml). After 25 hours 
at room temperature, solvent was removed and ether was 
added to precipitate the nucleoside-5 ' -d iphenylpyro- 
phosphate. This was dissolved in dioxane (0.5 ml) and a 
solution of diCtri-n-butylammonium) pyrophosphate (0.5 
mmol) in 1 ml pyridine was added. After 45 minutes at 
room temperature, the mixture was conentrated under 
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vacuum to a small volume. The crude product was 
precipitated with ether. This was dissolved in 0.1 M 
phosphate buffer pH 8.0. The t r isphosphate was purified 
by chromatography on DEAE cellulose eluting with a 
gradient of 0-1 to 0.6 M tr ie thyl ammonium bicarbonate ph 



7.5. 



EXAMPLE XX 



DNA was labeled with 5-subs tituted pyrimidine triphos- 
phates by nick translating DNA in the presence of the 
appropriate triphosphate. An example follows for 
labeling purified DNA with biotinylated 5-eormyl-2'- 
deoxyuridine. DNA (20 ug/mi) was incubated at 140C 
the presence of magnesium chloride (5 mM) 2 ' -deoxy- 
cytidine-5' -triphosphate (15 mM) , 2 • deoxyadenos ine-5 ' - 
triphosphate (15 uM) . 2 • -deoxyguanosine-5 ' -tr iphsophate 
(IS uM), biotinylated-5-£ormyl-2'-deoxyuridine-5'-tri- 
phosphase (20 uM) . activated pancreatic deoxyr ibonucle- 
ase I (13 mg/ml). coli deoxyr ibonuclease acid, 
polymerase I (40 units/ml) and tris HCL, pH 7.4 (50 mM) 
After 2 hours the reaction was stopped by addition of 
0.3 M EDTA (.05 ml) followed by heating at 65<3 Eor 5 
minutes. Labeled oligonucleotide was purified by gel 
filtration chromatography through Sephadex G-lOO and 
-precipitation from cold ethanol. 



in 
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EXAMPLE XXI 

PRECIPITATION OF GLUCOSYLATED DNA 
BY CONCANAVALIN A 



Reaction mixtures (1.0 ml) were prepared in 1-5 ml 

eppendorf tubes as Eollows : 

SQdium potassium phosphate, pH 6,5 lOmM 

NaCl 15°^ 

MgS04 ^"^^ 

CaCl2 ^'"'^ 

DNA (T4 of calf thymus) 50ug 

Cancanavalin A (10 mg/ml) 50-500 ug 

Reactions were started by the addition of concanavalin A 
(Con A) . The solutions were mixed and left at room 
temperature for 60 minutes. The tubes were centrifuged 
at 1200 g for 15-20 minutes. The supernatants were 
diluted and the A26O measured. 

Since con A absorbs at 260 nanometers, control solutions 
lacking DNA but containing Con A were prepared. The Con 
A absorbance was substracted from the absorbence 
obtained in the complete reaction mixtures. 



The results of this reaction are presented in accompany- 
ing Figure 1. • 
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EXAMPLE XXII 



•BINDING OF GLUCOSYLATED DNA 
TO CONCANAVALIN A 



Phage T4 DNA and phage DNA were labeled by incorpor- 
ation of H3-deoxyadenosine triphosphate into the DNA by 
nick translation according to the Rigby et al procedure. 
t4 DNA was nick translated to a specific activity of 
SxloScpm/microgram and an average double- standed size 
of 5 kilobases. Lambda DNA was nick translation to a ; 
specific activity of 3x10 ^cpm/microg r am and an average, 
double stranded size of 6.0 kilobases as determined by 
agarose gel electrophoresis. Unincorporated nucleotide^ 
were removed from the reaction mixtures by Bio-Gel P-60 
chromatography . 

con A sephatose was prepared as described by the 
manufacturer (Pharmacia) . One ml of settled gel 
contained 18 n,g of bound Con A. One ml columns were 
prepared in sterile pasteur pippetes and were 
equilibrated with PBS (0.15 M NaCl ; .01 M sodium 
potassium phosphate, pH 6.5). 

H3-DNA samples were prepared in 0.5 ml of buffer (as 
described in Example XXI but without Con A). - T4 DNA" 
solutions contained 176,000 cpm/O.S ml, and DNA 
solutions contained 108,000 cp./0.5 ml. A 0.5 ml sample 
was applied to the column. 

A 10.5 ml volume of buffer was passed through the 
column, and the eluate fractions (0.33 m) were collected 
arid counted in a Beckman LSC-lOO scintillation counter 
in a 3.5 ml reafluor cocktail (Beckman). The results 
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(Figures 2A and 2B) show that non-glucosyl ated DNA was 
not bound whereas glycosylated T4 DNA was bound to the 
column. The bound T4 DNA was removed by washing the 
column with a higher pH buffer (Tris-HCl, pH 7.2 - 8.2). 

Furthermore, consistent with the interaction of glucose 
and con h. mannose, when included in the buffer in which 
the DNA is applied to the column, prevents binding of 
glucosylated DNA to Con A sepharose. Also, mannose- 
containing buffer (PBS-containing 0.056 M mannose) 
removes bound T4 DNA from Con A sepharose (Figures 3A 
and 3B} . 



Further illustrative of the practices of this invention 
directed to nonradioactive methods or techniques of 
assaying for specific nucleic acids, the following 
example deals with the use of the sugar-lectin system. 
This example deals with the use of DNA which is not 
glycosylated in nature but rather has had a maltotriose 
group added thereto by way of nick translation de:scribed 
herein. The maltotriose modified dUTP and DNA modified 
therewith bind specifically to a column of concanvalin A 
covalently bound to sepharose. By this technique and in 
accordance with the practices of this invention, there 
=^ is 'provided a means f or ' spec i f icai ly labeling any.:: _ . 
nucleic acid with -sugars. As previously indicated 
herein, nick translation is only one of a number of 
techniques and approaches possible for the production of 
the modified nucleic acids in accordance with this 
invention . 
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EXAMPLE XXIII 

Lambda DNA was nick translated as described herein with 
maltotriose coupled to 5- ( 3-amino-l -pcopenyl ) -2 ' -deoxy- 
ucidine-5' triphosphate and 3h-2 ' -deoxyadenos ine-5 ' - 
triphosphate. Under these conditions DNA was 
substituted to 40 per cent of its thymidine residues 
.with the maltotriose nucleotide and had a specific 
activity of 8xl05 counts per minute (cpm) per. microgram 
of DNA. A control sample of DNA substituted only with 
3H-dATP had a specific activity of 6xlo5 cpm per 
microgram DNA, The nick translated DNA samples were 
purified free of reaction mixture components by Biogel 
P-60 chromatography as described herein. 

The purified samples were applied to Con A-sepharose 
columns as described in Figures 2A and 2B. The malto- 
triose-labeled DNA was retained on the column when 
washed with PBS bat was removed by subsequent elution 
with lOmM Tris-HCl, pH 8.2 (Figure 4A) . The unsub- 
stituted tritiated DNA did not bind to the column at pH 
7 .4 (Figure 4B) , 
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EXAMPLE XXIV 



Potentially immunogenic heptenes may be introduced at 
the 5 position oE uridine by a variety of methods in the 
literature. 5- { pec f luorobu ty 1) -2 ' -deoxyur id ine was 
synthesized using a method of Cech et al , Nucl^ Acids 
Res, 2, 2183 (1979). Copper -bronze was prepared by 
Tutting copper sulfite (5 g, 20 mmol ) with zinc powder 
(;2 g) in 20 ml water. The mixture was decanted, and the 
residue washed with water and then 5% hydrochloric acid 
and water. Just before use, the solid (2 g) was 
activated with 2% iodine in acetone (20 mi). After 
filtration the residue was washed with acetone rconcen- 
trated hydrochloric acid and then pure acetone. 
Activated copper- bronze {130 rag, 2 mmol) and 
1-iodo-l ' , 2, 2' , 3, 3 • , 4 , 4 ' heptafluorobutane ( 1 . 3 mg , 4 
mmol) were stirred in 3 ml d imethylsul f oxide at HQOC. 
for 1 hour. After cooling and filtration, 
2 '-deoxyur id ine (245 mg , Immol) was added, and the 
mixture heated at HQOC. for 1 hour. .Water (5 ml) was 
added, and the mixture extracted with ether. The ether 
extracts were dried and evaporated under reduced 
pressure. The residue was chromatogr aphed on a silica 
gel column eluting with e thyiacetate . 



EXAMPLE 'XXV 



Tubericydin was substituted at the 5 position by 
derivitizing the 5-cyano compound, toyocamycin. An 
example is the synthesis of 4-amino-5 ( te tr azol ) -5- 
yl)-7- (B-D-ribofuranosyl) pyr rolo [ 2 , 3-d ) pyr imidine 
using a procedure of Schram and Townsend,J. Carbohydra te, 
Nucleosides :Nucleotides 1, 38 (1974). Toyocamycin (1.0 
g) dissolved in water (100 ml) and glacial acetic acid 
(13 ml) was heated to reflux. Sodium azide (7,5 g) was 
added in 1.25 g portions over 10 hours. The solution 
was cooled to S^C. and the precipitated product collected. 
M.P. 276-2770C. 
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EXAMPLE XXVI 



5.-Cyano-2 • -deoxyuridine was prepared according to 
Bleckley et al , Nucl . Acids Res . 2, 683 (1975). 5-Todo- 
2'-deoxyuridine (1.0 g, 2.82 mmol) was dissolved in 
refluxing hexamethyldisilizane (HMDS) (10ml). Excess 
HMDS was removed at reduced pressure, and the resulting 
oil wasdissolved in dry pyridine (50 ml). Cuprous 
cyanide (350 mg , 3.8 mmol) was added, and the solution 
heated at 160<^C. for 20 hours. Pyridine was removed at 
reduced pressure, and the residue extracted into toluene 
which was subsequently evaporated. The residue was 
heated in 50% aqueous ethanol at 100^ for 2 hours. The 
product was purified by reverse-phase high pressure 
liquid chromatography and recrystallized from ethanol, 
M.P. 1610C. 



EXAMPLE XXVII 

4-amino-5-amino methylene-7- (/3-D-2-deoxyfur anosyl ) 
pyrrolo[2,3-d]pyrimidine d ihydrochlor ide was obtained as 
follows. 4-amino-5-cyano-7-(/5-D-2-deoxyfur anosyl) 
pyrrolo [2,3-dlpyr imidine (Toyocamycin) (0.2 g) was 
dissolved in hydrochloric acid (10 ml) . 10% palladium 
:on charcoal. (Orl -g) was addecLas-the mixture jii^rdgert-^-^^ 

ated at 40"psi for 5 hours at room temperature. After 

filtration the water- was evaporated at reduced pressure. 

The residue was triturated with ethanol. and the product 

recrystallized from 50% ethanol. 



EXAMPLE XXVIII 

5-amino-2'-deoxyuridine was prepared from 5-bromo-2'- 
deoxyuridine according to the procedure of Roberts and 
Visser., Am, Chenu Soc, 14:665-669 {1952). 5-bromo- 
2'-deoxyuridine (2g, 6.2 mmol) dissolved in liquid 
ammonia (20 ml) was scaled in a glass tube and heated 
at SOO eor 5 days. The tube was opened, and the ammonia 
was evaporated. 5-amino-2 ' -deoxyur idine was cecrys tall i zed 
from 5 ml water and 75 ml hot isopropyl alcohol. 

EXAMPLE XXIX 

5-(methylamino)-2'-deoxyuridine (0.2 g) was prepared as 
follows. 5-cyano-2'-deoxyuridine (0.2 g, 0.05 mol) was 
dissolved in 1 N hydrochloric acid (10 ml). 10% 
palladium on charcoal (0.1 g) was added, and the mixture 
hydrogenated at 40 p.s.i. for 10 hours at room tempera- 
ture. The mixture was filtered and the water evaporated 
at reduced pressure. The residue was- triturated with 
ether, and the product was r ecr ys tall i 2ed from 80% 
ethanol. 



EXAMPLE XXX 



^M^rtoie--tr iose was oxidized t6-the cor responding 
carboxylic acid by the following method. Maltose triose 
(0.5 g, 0.94 mmol) was dissolved in water (5 ml). Lead 
carbonate (0.42 g, 1-1 mmol) and bromine (0.17 ml), 3.3 
mmol) were added, and the mixture was allowed to react 
at room temperature for six days after which no reducing 
sugar remained. The mixture was filtered, and silver 
carbonate (0.2 g) added. After refiltering, the 
filtrate was deionized by elution through Dowex 50 (H"^ 
form) . Evaporation of water and drying in the presence 
of phosphorus pentoxide yielded the desired product. 
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EXAMPLE iXXl 

Maltose triose was coupled to 5- { 3-amino-l-pcopenyl) - 
2 '-deoxyuridine-5 ' triphosphate by the eollowing 
procedure. Oxidized maltose triose (190 mg, 0.18 mmol) 
was dissolved in dime thy 1 formamide (0.8 ml) and cooled 
to 40C. isobutyl chloroformate (25 mg , 0.18 mmol) and 
tri-n-butyiamine (43 ul , 0.38 mmol) were added, and the 
solution allowed to react at A^C, for 15 minutes. 5-(3- 
amino-l-propenyl) -2 '-deoxyuridine-5 '-triphosphate (9.0 
umol) , dissolved in dimethyl formamide (1.2 ml) and 0.1 
M sodium borate and cooled to 4OC., was added to the 
above solution. The mixture was incubated at 4^0. for i 
hour and at room temperature for 18 hours. It was then 
loaded on a DEAE-cel lulose column and eluted with a 
gradient of 0.1 to 0.6 M tr ie thylammonium bicarbonate, 
pH 7.5. The product was finally purified by reverse 
phase high pressure liquid chromatography. 

Following are Examples XXXII and XXXIII. Example XXXII 
is a method of tagging allylamine modified dUTP with a 
fluorescein substituent. Thi-s is an example of creation 
of a self detecting nucleic acid probe. Example XXXIII 
is a method of labeling preformed double helical nucleic 
acids at -the n2 position of guanine and the position 
Vf^adenine.' Example XXXVI I has^ ^the de tector mdlecule.r- ■ 
linked to the probe. Chromosoma 84: 1-18 (1982) and 
Exp. Cell Res. 128:485-490, disclose end labeling of E^A 
with rhodamine. However, the procedure of this 
invention is less disruptive and labels internal nucleo- 
tides. 
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EXAMPLE XXXII 



Fluorescein was coupled to 5 - { 3-amino-l -propyl ) -2 ' - 
deoxyuridine-5' -triphosphate (AA-dUTP) as follows. AA- 
dUTP no umol), dissolved in 2 ml sodium borate buffer 
(0.1 m), pH 9.0, was added to fluorescein isothiocyanate 
(10 mg/25 umol) dissolved in 1 ml d ime thy 1 f ormamide . 
After four hours at room temperature the mixture was 
loaded onto a DEAE-cellulose column equilibcated in 
triethylammonium bicarbonate buffer, pH 7.5. The 
fluorescein coupled AA-dUTP was purified by elution with 
a gradient of from 0.1 to 0.6 m triethylammonium 
bicarbonate, pH 7.5. 



EXAMPLE XXXIII 



DNA may be modified by reaction with chemical alkylating 
agents. Lambda DNA was alkylated in position of 
guanine and position of adenine by reacting DNA with 
aromatic hydrocarbon 7-bromomethylben2 [a] anthracene . 7- 
bromcmethylbenz [a] anthracene was obtained as follows, 7- 
methyl [a] anthracene in carbon disulfide solution was. 
cooled in a freezing mixture and treated dropwise with a 
molar equivalent of bromine. After 30 minutes, the 
product in suspension was collected, and was washed with 
dry ether and recrystallized from benzene. The yield 
was 66% with meltin<3 point 190 . 5-191 . S^C . 

DNA. purified from phage Lambda, (1.6 mg) was solubil- 
ized in 5.0 ml of 20 mM potassium phosphate pH 6.5. To 
4.0 ml of DNA solution was added 500 micrograms 7- 
bromomethylbenz [a] anthracene in dry acetone. After 30 
minutes at 20^, the DNA was precipitated with two 
volumes of cold ethanol. The precipitate was washed 
successively with ethanol, acetone and ether to remove 
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any unbound 7 -bromome thylbenz [ a ] anthracene . Enzymatic 
hydrolysis of the DNA to nucleosides and subsequent 
.chromatography of the products on Sephadex LH-20 
columns, indicated that 18% of the adenine and 48% of 
the guanine in DHh were modified in and positions, 
respectively . 

The modified DNA was made single stranded either by (1) 
heating to 100° for 5 minutes and capid cooling or (2) 
incubating with equal volume of 0.1 M NaOH for 10 
minutes and then dialyzing the solution for four hours 
against 1 ml tris-HCl pH 8 . 0 containing 0 . 5 ml EDTA to 
keep the DNA in single-stranded form. 

EXAMPLE XXXIV 

A DNA probe was ligated to a synthetic DNA composed of 
repeated sequences of coli lac operator DNA. After 
hybridization to detect antiprobe sequences, the 
hybridized DNA was detected by reaction with biotinyl- 
ated lac repressor which was, in turn, detected by an 
enzyme linked immuno sorbent assay using goat antibiotin 
IGG to react with the biotin and a second antibody 
coupled to horse radish peroxidase. The lac polyoperator 
DNA h-is been described by Caruthers (Second Annual 
Congress for Recombinant DNA Research, Los Angeles, 
1982), and it was ligated, in a blunt end ligation, 
using T4 ligase, to an adenovirus DNA probe. In situ 
hybridization of the polyope r ator-labeled probe DNA was 
carried out as described by Gerhard et al {?zoc. Natl. 
Acad. Sci. USA, 78, 3755 (1981). Biotinylated lac 
repressor was prepared as described by Manning et al 
(Chrom o soma , 53, 107-117 (1075) and was applied to 
adenovirus infected cells, fixed to a glass slide, in 
Binding buffer composed of (0.01 MK Cl, 0.01 M tris (pH 
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7.6), 0.01 M MgS04, lO'^ M.EDTA , IQ--'* M DTT , 5% DMSO 
(dimethyl sulfoxide) and 50 ug/ml bovine serum albumin 
'by J. Miller, Experiments in Molecular Genetics. Cold 
spring Harbor Laboratory (1972). The slides were washed 
in binding buffer to remove unbound biotinylated lac 
repressor and then assayed for biotin using the horse 
radish peroxidase-linked double antibody procedure. 
This procedure could be adapted to create an affinity 
column where the probe could be bound to immobilized 
repressor protein and then removed by elution with a 
specific inducer, for example, isopropyl thigalactoside 
or thiomethylgalactoside. The affinity of the 
repressor- operator complex is quite high lO'll M. When 
a specific inducer binds to the repressor the operator- 
repcessor complex collapses, 

EXAMPLE XXXV 

5-Bromo-2'-deoxyuridine-5'-phosphate was prepared as 
follows: 2 '-Deoxyuridine-5' -phosphate (6.2 g) was sus- 
pended in a mixture of 60 ml pyridine and 30 ml acetic 
acid. Bromine (0.84 ml) was added with stirring in an 
ice water bath and stirring continued for 20 hours at 
room temperature. The solution was concentrated by 
vacuum. After redissolu t ion in a minimum of water a 
crude product was p.recipitated. by addition of ethanol. 
The crude product was chroma tog raphed on Dowex 50 (H+) 
and eluted with water. The Eree acid product was 
precipitated from the concentrated eluent by addition of 
ethanol . 
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EXAMPLE XXXVI 



calf intestine alkaline phosphate was biotinylated as 
follows: The enzyme (1 mg , 7.7 mmol) was chromato- 
graphed on a G-50 column elating with 0.1 M Hepes buffer 
pH 8.0 containing 0.1 M sodium chloride. The pooled 
fractions were reacted with N-biotiny 1-6-amino-caproic 
acid-N-hydroxysuccinimide ester (0.675 mg , 0.77 umol) 
dissolved in 10 ml diemthy 1 f ormamide at room temperature 
for 1 hour. Sodium periodate (0.1 M 125 ul) was added 
and stirring continued for 2 hours. The mixture as 
dialyzed at 4^ overnight in 0.1 Hepes buffer pH 8,0 
with 0.1 M NaCl after which the pH was adjusted to 7.4. 
Biotin hydrazide (0.1 M, 0.5 ml) dissolved in 0.1 M 
Hepes buffer pH 7 . 4 and 0 . 1 M NaCl was added and the 
reaction stirred for 30 minutes at room temperature. The 
pH was adjusted to 8 . 0 with 0.2 M sodium carbonate and 
0.5 ml of freshly prepared 0.1 M sodium borohydride in 
water was added, the solution was dialyzed against 0.1 M 
tris buffer pH 8.0 with 0.1 M NaCl. 



EXAMPLE XXXVII 



6-Cyano-2V-deoxyuridine-5' -phosphate was prepared 
similarly to a procedure of Veder et al,. J. Carbohydr . _■ 
Nucleosides. Nucleotides , 5, 261 (1978). 5-bromo-2'- 
deoxyuridine-5' -phosphoric acid (2.0 g, 15 mmol) dried 
by successive evaporation from pyridine was dissolved in 
50 ml dimethylsulfide. Sodium cyanide (490 mg , 10 mmol) 
was added and the solution stirred at room temperature 
for 2 days. The solution was diluted with 400 ml water 
and the pH adjusted to 7 . 5 . It was applied to a DEAE- 
cellulose column (HCO-3 form) washed with 2000 ml 0.02 M 
triethylammonium bicarbonate to yield the desired 
product. 
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EXAMPLE XXXVIII 



6-(Methylamino)-2'-deoxyuridine-5'-phosphotic acid was 
prepared as follows: 6-CYano-2 ' -deoxyuc idine-5 ' - 
phosphoric acid (0.2 g, 60 mmol) was dissolved in 0.1 M 
hydrochloric acid. After addition of 10% palladium on 
charcoal (0.1 g) , the mixture was hydrogenated at 40 psi 
for 20. hours at room temperature. The mixture was 
filtered, neutralized with lithium hydroxide and lyo- 
philized. The product residue was extracted with 
ethanol . 

EXAMPLE XXXIX 

Horse radish peroxidase (20 mg) dissolved in 5 ml 
distilled water was added to 1,0 ml freshly prepared 0.1 
M sodium periodate solution. After stirring at room 
temperature for 20 minutes it was dialyzed overnight at 
4OC. against 1 mM sodium acetate pH 4.4. Biotin 
hydrazide (2.6 mg, 5x10-2 mmol) dissolved 2.0, 0.1 M 
Hepes buffer pH 7 . 4 with 0.1 M sodium chloride was 
brought to pH 1.0 with 0.2 M sodium carbonate and 0.5 ml 
of a freshly prepared 0.1 M sodium borohydride solution 
in water was added. After 2 hours at 4OC. the protein 
-was. purified on a Sephadex G-SO -column elu ting _with 0.1 
Hepes and 0.1 M NaCl.- — . - 

EXAMPLE XL 

carrot acid phosphatase has been mentioned by Brunngraber 
and Chargaff, J. Biol Chem. . (1967) 242, 4834-4840 as a 
byproduct of the purification of phosphotransferase and 
has been purified to a specific activity of 460 uM/mg/min 
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at 370c with pacanitcophenylphosphate as the substrate. 
The purification involved the steps of (a) absorption of 
■non-specific proteins by DEAE cellulose; (b) acid 
purification of the enzyme, (O acetone fractionation; 
,d) concanvalin A affinity chromatography: (e) hydroxy- 
apatite chromatography and U) Sephadex G-lOO fraction- 
ation. The specific activity of the enzyme subjected to 
the Sephadex G-lOO fractionation due to loss of activity 
in the preceding affinity chromatography step Id) was 
170 uM/mg/m. By changing elution conditions at step 
. (d), these losses can be avoided with the result that 
the specific activity of the enzyme before the Sephadex 
G-lOO fractionation can be improved to 340 uM/mg/m. The 
S.phadex G-lOO fractionation step should yield an enzyme 
having a specific activity of 800 uM/mg/m or higher, 
carrot acid phosphatase was biotlnylated using a 
procedure of wilchek et al Biochemistry 6, 247 (1967). 
TO the enzyme (20 mg) dissolved 0.1 « NaCl, pH 5, was 
added biotin hydrazide (2.0 mg, 7x10-3 ™™ol) and 1- 
ethyl-3-(3-dimethylaminopropyl) carbodimide hydrochloride 

(1 mg, 7x10-3 ^^l) dissolved in 0.1 M NaCl, pH 5. 
After 2 hours at 4OC. the enzyme was chromatographed on 
sephadex G-50 elating with 0.1 M sodium acetate, pH 5.0. 
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Of special importance and significance in the practices 
of this invention is the utilization of self -signal ing 
or self-indicating or self -de tecting nucleic acids, 
particularly such nucleic acids which are capable of 
being incorporated in double-stranded DNA and the like. 
Such self-signaling or self -detecting nucleic acids can 
be created by covalently attaching to an allylamine 
substituent making up a modified nucleotide in accord- 
ance with this invention a molecule which will chelate 
specific ions, e.g. heavy metals, rare earths, etc. 
In general, the chelated ion can be detected either (a) 
by radioactive emission or (b) by using the ion to 
catalyze a chromogenic or fluorogenic reaction. 

By way of example, a solution of 3,4-dinitro phenol is 
reduced to 3,4-diamino cyclohexane 

H2 



1) 




This material is then brominated 




to form 3,4-diamino bromo cyclohexane (dABCH) . This 
compound is reacted with halide {CI, Br, I) substituted 
carboxymethyl compound to produce a tetra car boxymethy 1 
derivative or dABCK (TCM-dABCH) : 
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Br 



3) 



+[XCH2-C00\ 



■CH2COO 



,CH^C0O 
'^CH^COO 



The bromine is substituted by an amino group using 
soluble ammonia: 



Br 



4) 




I 



-h MH^"^tliq) 
_ 4 




Then thi. compound is reacted with chlo.o 

to produce the isothiccyanate de. ivative o^£ ,TCM-dANCH, 



5) 




+CI2CS 



S=C=N- 
H 




1- N — 
N — 



-2 2 
Finally, this compound is reacted with dl3TP-allylam.ne 
derivative to produce modified dUTP, 



dutP-Allylamine + 



S-C=N 




dUTP-Allyl-N - C 

S 



N - 




CH^COO 



cobalt or other heavy metal ions or other rare earth 
ions can be chelated to the compound after step 3 above 
or the nucleic acid can be substituted with th.s adduct 
and then the ion added. (Example, cobalt xs added at pH 
6 where the binding constant is 10 M) . 



-84- 



Cobalt can be assayed by radioactivity. It can also be 
detected by its ability to oxidize methylene blue to the 
■leuco Eocm in the presence of molecular oxygen. It can 
be used to oxidze soluble sulfhydro groups to disulfide 
bonds again in the presence of molecular oxygen. 

This type of self-signaling molecule can be used to 
monitor any nucleic acid hybridization reaction. It is 
particularly important for detecting nucleic acids in 
gels (for example, sequencing gels). 

With respect to its use in radioactivity, it can be used 
to tailor the isotope needed, i.e. if a weak or strong 
/5>oc Remitter is needed, that isotope can be chelated. 
Examples of isotopes that can be used are listed immed- 
iately hereinafter. 
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Antimony-124 
AntiiTionv-12S 
Arsanic-74 

Barium- 133 
8ariuni-140 
Beryllium-7 
Bisniuth-206 
Sisniuth-207 

Cadniium-109 
Cadmium- 1 1 5m 
Caicium-46 
Carbon- 14 
Carium-139 
Cerium-141 
Canum-144 
Ca3ium-134 
Ca3ium-137 
CWorine-36 
Chromium-51 
Cobalt-S6 
Cotialt-57 
CobaJt-58 
Cobalt-€0 

Erbium- 169 
Europium-152 

Gadolinium- 153 
Gold-igS 
Gold- 199 

Hafnium-175 

Ha(nium-175+I8l 

Hafnium-181 

Hydrogen-3 see Tritium 



Iodine- 12S 

lodine-131 

Iodine- 132 

lridium-192 

lron-55 

lroo-59 

Krypton-aS 

Laad-210 
Lutecium- 177 

Manqane30-54 
Mercury- 197 
M9rcury-203 
Molybdenum-99 

Neodymium-147 
Neptunium-237 
Nickel-63 
Niobium-95 

Osmium-185+191 

Palladium- (03 

P1atinum-195m 
Praseodymium -143 
prom8thium-l47 
Protaciinium-233 

Radtum-226 

Rhenium-ias 

Rubidium-86 

Ruthenium-103 

Huthenium-106 



Scandium-44 

3candium-i6 

Selenium-75 

Silver- 110m 

Silver-Ill 

Sodium-22 

Slrontium-as 

Strontium-a9 

Strontium-90 

Sulphur-35 

Tanta)um-182 
Technetium-99 
Tallurium-125m 
Tellurium- 132 
Terbium- 160 
Ttiallium-204 

Thorium- 228 

Thorium- 232 

ThuJium-170 

Tin- 11 3 

rilanium-44 

Tritium 

Tungsten- 185 

Vanadtum-48 
Vanadium-49 

Ytterbium-169 
Yttrium-68 
Yttrium-90 
Yttrium-91 

Zinc -65 
Zirconium-95 
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ces 



Streptavidin, a protein produced by a Sbreptomyce 
avidinii is a large molecular weight component ot a 
syneraistic pair of compounds which are both present in 
the culture filtrates of this microorganism. Each of 
the pair is inactive but in combination are active 
against gram-negative microorganisms. It has been found 
that the small component ot this antibiotic prevents de 
novo synthesis of the vitamin biotin and thus, at least 
:in synthetic media, show antimicrobial activity. In 
complex medium, however, the large component has to be 
included to exert the same effect on bacteria. This has 
been shown to be due- to the presence of external biotin 
in the complex medium. The large molecular component 
has been found to bind external biotin and thus demon- 
strating the same kind of action as avidin from eggs and 
oviduct tissues of laying birds. 

Streptavidin has been purified and shown to be a 60,000 
dalton polypeptide. Like avidin, streptavidin contains 
four subunits and binds tightly four molecules of biotin. 
Unlike avidin, however, it is non-glycosylated and it 
has PI of 5.0 as compared to avidin with PI - 10.5. Due 
to the difference in pi streptavidin does not have a 
tendency to non-specif ically interact with DNA. 

. PREPARATION OF STREPTAVIDIN 

A semi-synthetic medium containing salt, 1% glucose, 
0.1% asparagine, 0.05% yeast extract and trace elements 
was prepared. The cultures were grown at 260C. for 
three days. Mycellium was removed by cent r i fugation and 
protein in the supernatant were absorbed to DEAE- 
cellulose in a batchwise process after pH was adjusted 
with IM HCl to 7.2. DEAE-cellulose was filtered off and 
washed with 20 mM Tris-HCl (pH 7.2) until no absorbancy 
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at 280 nm was recorded. Streptavidin was eluted with 20 
mM Tris-HCl (pH 7.2) containing 0.5 M NaCl . Ammoniun, 
■sulfate precipitation was used to further concentrate 
the streptavidin (50% w/v at 4^0. 

The precipitate was dissolved in water and dialyzed 
against 1.0 M NaCl , 50 m Na2C03. In the next step 
affinity column chromatography on iminobiotin sepharose 
was used. Eluted streptavidin from iminobiotin 
sepharose column was shown to be chromatog r aphically 
pure by non-denaturing agarose-gel electrophoresis. 

The final purification of streptavidin is accomplished 
by affinity purification through an irainobiot in-sepharose 
column, iminobiotin is an analog of biotin in which the 
carbonyl of the urea moiety is substituted with an imine 
function. Iminobiotin will bind avidin and streptavidin 
at basic pH but the complex is dissociable at acidic pH, 

iminobiotin is prepared from biotin in several steps. 
Biotin is hydrolyzed by barium hydroxide to cis-3,4- 
diamino-2-tetrahydro.thiophene-valeric acid which is 
reacted with cyanogen bromide to iminobiotin. The 
iminobiotin is coupled to amino sepharose via the . 
N-hydroxysuccinimide esteK-.bf- its hydrobrpmide^-salt^: ; 

The. crude protein mixture from DEAE eluted Streptomyces 
avidinii incubation media is dissolved in 50 mM sodium 
carbonate and 1.0 M sodium chloride (pH 11) and applied 
to an iminobiotin column pr e-equil ibr ated with this 
solution. The column is eluted at pH 11. Streptavidin 
is subsequently eluted with 50 mM ammonium acetate, pH 
4.0 containing 0.5 W sodium chloride. The eluent is 
dialyzed three times against 1 mM Tris pH 7.4 and lyo- 
philized to dryness. 
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In the practices of this invention avidin is useful 
as a detecting mechanism for labeled DNA, such as 
biotin-labeled DNA. However, avidin itself, such at 
about neutral pH, complexes with DNA with the result 
that any signal derivable from a complex between biotm- 
labeled DNA and avidin might be lost or be non-detect- 
able in the background due to the complex formation 
between avidin and unlabeled DNA. This disadvantage of 
the use of avidin in the practices of this invention is 
not possessed by streptavidin which does not form a 
complex with DNA at about neutral pH but is capable of 
forming a complex with the biotin portion of biotin- 
labeled DNA. 

in another aspect directed to the broad utility of 
avidin and streptavidin for detecting labeled compounds 
other than DNA, avidin and streptavidin are particularly 
effective as detecting mechanisms for labeled proteins, 
polysaccharides and lipids. By way of example, one can 
fix to a solid matrix a specific antigen and bind to this 
antigen an antibody directed against this antigen which 
itself has been biot inylated . Then one can assay for 
the presence of this biotinylated antibody by reacting 
it with avidin or streptavidin complexed with an enzyme, 
"such as calf intestine alkaline: phosphatase, or. to^which . 
'"-fluorescing molecule, as -for-^example^ fluoresce in 'has- been - 

linked. 

The use o£ the antigen-antibody system for detecting 
either antigen or antibody is well known. A comparable 
system is a system based on a glycosylated substrate or 
molecule and matching or appropriate lectin. In this 
system the lectin would carry a label, such as fluorescein 
or appropriate enzyme. In this glycosyl-lectin system 
the labeled lectin forms a complex with the glycosyl 
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moiety, compacable to the antigen-antibody complex, 
and this complex comprising the glycosylated molecule 
and appropriate labeled lectin having the necessary 
glycosyl or sugar moiety specificity would then present 
itself eliciting the expected response from the label 
portion of the labeled lectin making up the glycosyl- 
lectin complex. 

Another aspect of the practices of this invention which 
is particularly advantageous is to carry out the detec- 
tion or hybridization in the liquid phase between the 
DNA sought to be detected and the DNA detecting probe. 
In this liquid phase system both the DNA molecule to be 
detected and the appropriate DNA detecting probe are not 
attached to any insoluble substrate or any insoluble 
chemical moiety. The advantages of the liquid phase 
detection system reside in the speed of hybridization 
or hybrid formation between the DNA to be detected and 
the appropriate DNA probe therefor. For example, in 
a solid-liquid system the time required to effect 
recognition and hybridization formation is- about ten 
times greater than if it were carried out in a complete- 
ly liquid system, i.e. both DNA to be detected and the 
detecting DNA are not attached to an insoluble moiety. 

"-The probes7pV%^i'red in accordaHce with the' practices -of 
this invention are adaptable for use in the detection 
of viruses and bacteria in fluids as indicated herein- 
above. Where the fluids to be examined do not contain 
large amounts of protein, the viruses therein can be 
concentrated by absorption on hydroxyapati te and eluted 
in a small amount of phosphate buffer. When the fluid 
to be examined contains large amounts of protein, the 
viruses can be concentrated by high speed cent r if ugat ion 
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If antibody were available, absorption on an affinity 

column and elution with acid would be preferable because 

it would be possible to process many probes in accordance 

with the practices of this invention at the same time. 

The bacteria to be examined is usually readily concentrated by ce 

in accordance with the practices of this invention, the 
identification or char acer ization of the isolated 
particles, viruses and bacteria, would be hybridization 
of the characterizing or identifying DNA thereof with a 
specific single stranded DNA probe prepared in accordance 
with the practices of this invention. After hybridi- 
zation, excess non-hybridized probe DNA would be digested 
■with Si nuclease and exonclease I from coli at high 
salt content to suppress the nicking activity of the Si 
nuclease, see Vogt, Methods in Enzymology , Vol. 65, 
pages 248-255 (1980), This nuclease treatment would 
produce mononucleotides from the excess, non-hybridized 
single-stranded DNA probe but would leave the double- 
stranded, hybridized DNA intact. This would then be 
absorbed at high salt content on Dowex anion exchanger 
(the nucleotides and the small amount of oligonucleo- 
tides will not bind to the resin in high salt concentra- 
tion) . The resulting hybridized DNA would then be 
"identified or characterized by.j^'arious procedur^^^^ - 
^' applicable t5 the practices of- this^inventibh.- ~^ ; - 

The spec^aj^nu^otj^d^es^of^^^^^^^^ include a 

ftSTe^rrVbastBToU pyrimidme and a 

signaling chemicalmoie^t^^|i^g^^ -^c/^^; 
thereto, either to^^Tp, S or B moiety;: foUoj^ng are 
structural formulas of various base B moieties, flid 
nucleotides which are modified in accordance with the 
practices of this invention. 



The; special nucleotides in accocdance with thi? inven- 
tion, as indicated hereinabove, in addition to the S 

.ji^-io^^.Ti'^/i Chemical -°%Xsf^^i'>'^'^^^ 

coavalently attached to the S and/or 6 moieties^. Of 
special interest in accordance with the practices of 
this, invention would be those nucleotides having the 
general formula, 



CPH) P - S - B - Sig 



wheiein P^is the phosphoric acid^moiety including mono-, 
di-> tri-t or te traphosphate , S^'the sugar or monosaccharide 
moiiety, B the base moil't^^. ^^^)^'^ ^ purine or a pyrimidine. 
Wi'phosphoric acid moiety P^is^ attached at the 3* and/or ^ 
the'; is ' position of the S moiety^when the nucleotide is • 
a deoxyribonucleotide and at the. 2', 3' and/or 5' positio^^^^^ 
when the nucleotide is a ribonucleotide. The base B moiety^ 
is attached from the Nl posUion or the N9 position to the 
1' position of the S moiety^ when the base moiety is a 
pyr'imidine or a purine, respectively. The Sig moiety is 
covjalently attached to the B raoiety^cff the nucleotide ; 
andjwhen so attached is capable of signalling itself or j 
1 ! mak^s itself self-detecting or its presence known and j 

; desirably or preferably Pecm^^f^the^^incorp^^^ of the 

■P resulting nucleotide P - S - b"- Sig^into dt to form a i 
ii double-stranded helical DNA or RNA or DNA-RIIA hybrid 
Vi I and/or to be detectable thereon, . " - 

^ Another special nucleotide in accordance with this 
invention is characterized by the general formula: 
Sig 
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Such nucleotides in accordance with this invention 
would be characterized as ribonucleotides. The 
phosphoric acid .oiet^f/is attached at the 2*, V and/or 
5" position of the sugar S moiety^aU the base ^^^eing 
attached from the Nl position or the N9 Position^^to the 
r position of the sugar S moiety^ when said base^iS a 
pyrimidine or a purine, respectively. The Sig chemical 
moiety is covalently attached to the sugar S moie ty^and^^^^ 
said Sig chemical moiety when attached to said S moiety^ 
is capable of signalling itself or making itself 
self-detecting or its presence known and preferably 
permits the incorporation of- the ribonucleotide into 
^ts corresponding double- stranded RNA or a DNA-RNA 
hybrid. 

Sig 

Such nucleotides P - S - B^desirably have the Sig 
chemical moiety attached to the C2' position^ of the S 
moiety^ o^r the C3' position of the S moiety^. 

Still further, nucleotides in accordance with the 
practices of this invention include the nucleotides 
having the formula, 

Sig 
P - S - B 

, wherein P^'il the phosphoric acid moiety, S the sugar 
^ moiet?^2nS ^fth^ base moiety. In these special 

nucleo'^tides 'the ^^'Soiety is attached to the 3' and/or 
the 5' position of the S moiety^ when the nucleotide is 
deoxyr ibonucleotide and at the 2'., 3' and/or 5' PO^itjon 
when the nucleotide is a ribonucleotide, ^h^^^^ase B^is 
either a purine or a pyrimidine and the B moiety^ is 
attached from the Ml or the N9 position to the 1' 



V/ 

-95- 



position of the sugar moiety when said B moiety^ is a 
pyrimidine or a purine, respectively. The Sig chemical 
-moietyi is covalently attached to the phosphoric acid P 
moiety'''via the chemical linkage 



^ OH 



- P - 0 - sig 

° OH), 
said Sig, when attached to said P moiety^ being capable 
of, signalling itself or making itself self-detecting or 
its presence known and desirably the nucleotide is 
capable of being incorporated into a double-stranded 
polynucleotide, such as DNA, RNA or DNA-RNA hybrid and 
when so incorporated therein is still self- detecting. 

It is pointed out that the special nucleotides in 
accordance with the practices of this invention 
described or defined hereinabove by the general formula 
p - s^i'^l^-'si^yi^so include nucleotides wherein the 
Sig chemical moiety is covalently attached to the B 
moiet^y'^lt^ the or 6- amino group position when the B 
moiety^^ff^ldenine or the ^2 or 2-amino group position 
when the B moiet^^^^^s guanine or the or 4-amino group 
position when the B moiety is cytosine. The resulting 
nucleotides containing the Sig moiety attached thereto 
are capable of signalling themselves or making them- 
selves self-detecting or their presence known and being 
detectable is a double-stranded or DMA, RNA or DNA-RNA 
hybr id , 



-96- 



By way of summary, as indicated hereinabove with 
respect to the make-up of the various special nucleo- 
■tides,:in accordance with this invention, the special 
nucleotides can be described as comprising a phospho^ric 
acid .tnoiety a sugar moiety S.and V ^ 

purine or pyrimidine, which combination of P-S-B^is 
well known with respect to and defines nucleotides, 
both 'deoxyribonucleotides and ribonucleotides. The 
^nucleotides are then modified in accordance with the 
practices of this invention by having covalently 
;^ ..attached thereto, to the P moiety^ and/or the S moiety 

^ and/or the B moiety^, a chemical moiety Sig, The ^^^.g^t^ftAse-) 

A chemical moiety Sig so attached to the nucleotide P-S-B^ 

is capable of rendering or ^g'^i^^s^^® resulting 
^ nucleotide, now compc is i?g' P-S-B^wi th the Sig moiety 

being attached to one or more of the other moieties, 
self-detecting or signalling itself or capable of 
making its presence known per se, when incorporated 
into! a polynucleotide, especially a double-stranded 
polynucleotide, such as a doubla-stranded DNA, a 
double-stranded RNA or a double-stranded DNA-RNA 
hybrid. The Sig moiety desirably should not interfere 
with, the capability of the nucleotide to form a 
double-stranded polynucleotide containing the special 
Sig-containing nucleotide in accordance with this 
invention and, when so incorporated therein, the Sig- 
containing nucleotide is capable of detection, 
localization or observation. 

The Sig moiety employed in the make-up of the special 
nucleotides of this invention could comprise an enzyme 
or enzymic material, such as alkaline phosphatase, 

glucose o^-I^Silli^et^^^.^^ 
:SSSftSt^i^^e^W coulcTilso contain a 

fluorescing component, such as fluorescein or rhodamine 
or dansyl. If desired, the Sig moiety could include a 



h magnetic component associated or attached thereto, such 
tl as a magnetic oxide or magnetic iron oxide, which would 

I I- -make the nucleotide or polynucleotide containing such a 
) ■ magnetic-containing Sig moiety detectable by magnetic 

^ means/ The Sig moiety might also include an electron 

dense component, such as ferritin, so as to be 
available by observation. The Sig moiety could also 
! include a radioactive isotope component, such as 

radioactive cobalt, making the resulting nucleotide 
observable by radiation detecting means. The Sig 
moiety could also include a hapten component or per se 
be capable of complexing with -an antibody specific 
thereto. Most usefully, the Sig moiety is a 
polysaccharide or oligosaccharide or monosaccharide, 
which is capable of complexing with or being attached 
to a sugar or polysaccharide binding protein, such as a 
lectin, e.g. Concanavilin A. The Sig component or 
moiety of the special nucleotides in accordance with 
this invention could also include a chemiluminescent 

] ; component. 

' ' I 

AS incaicated in accordance with the practices of this 
invention, the Sig component could comprise any 
chemical moiety which is attachable either directly or 
• : - through -a chemical linkage .br -linker arm.^^the . 
' ■ - nucleotide, such as to the base B component^t^ierein, ^oc 
i ■ . the sugar S componen^t>ere in , or the phosphoric acid P 

(PH) _ ^ 
component;^ thereot . 

The Sig component of. the nucleotides in accordance with 
1 : this invention and the nucleotides and polynucleotides 

incorporating the nucleotides of this invention 
containing the Sig component are equivalent to and 
useful for the same purposes as the nucleotides 
aescribed in the abo^- iden^^d^U . S 
tion; serial No. 255,223,. Moce specifically, the 
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chemical moiety A described in U.S. patent application 
serial No. 255,223 is functionally the equivalent of 
the Sig component or chemical moiety of the special 
nucleotides of this invention. Accordingly, the Sig 
component or chemical moiety of nucleotides of this 
invention can be directly covalently attached to the P, 
S o[%l1^^eitfi'^'^i^^<i thereto via a chemical 
linkage or linkage arm as described in U.S. patent 
application Ser. No. 255,223. as indicated by the 
^dotted line connecting B and A of the nucleotides of 
U.S. serial No. 255,223. The various linker arms or 
linkages identified in U.S. Ser. No. 255,223 are 
applicable to and useful in the preparation of the 
special nucleotides of this invention. 

A particularly important and useful aspect of the 
special nucleotides of this invention is the use of 
such nucleotides in the preparation of DNA or RNA 
probes. Such probes would contain a nucleotide 
sequence substantially matching the DNA or RNA sequence 
of genetic material to be located and/or identified. 
The probe ^ould contain one or more of the special 
nucleotides of this invention. A probe having a 
desired nucleotide sequence, such as a single- stranded 
■"■polynucleotide, either DNA or RNA probe, would then be 
~:brough"t Into contact with -DNA -or RNA "genet ic material , ' 
to be identified. .Upon the localization of the probe 
and the formation of a double-stranded polynucleotide 
containing the probe and the matching DNA or RNA 
material to be identified, the resulting formed 
double-stranded DNA or RNA-containing material would 
then be observable and identified. A probe in 
accordance with this invention may contain substantial- 
ly any number of nucleotide units, from about 5 nucleo- 
tides up to about 500 or more, as may be required. It 
would appear that 12 matching, preferably consecutive. 
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nucleotide units would be sufficient to effect an 
identification of most of the DNA or RNA material to be 
investigated or identified, if the 12 nucleotide 
sequence of the probe matches a corresponding 
cooperative sequence in the DNA or RNA material being 
investigated or to be identified. As indicated, such 
probes may contain one or more of the special 
Sig-containing nucleotides in accordance with this 
invention, preferably at least about one special 
nucleotide per 5-10 of the nucleotides in the probe. 

As indicated hereinabove, various techniques may be 
employed in the practices of this invention for the 
incorporation of the special nucleotides of this inven- 
tion into DNA and related structures. One particularly 
useful technique referred to hereinabove involves the 
utilization of terminal transferase for the addition of 
biotinated dUMP onto the 3' ends of a polypyr imidine or 
to single-stranded DNA. The resulting product, such as 
a single-stranded or cloned DNA, which has biotinated 
dUMP attached to the 3' ends thereof, can be recovered 
by means of a Sepharose-avidin column wherein the avidin 
would complex with the biotinated dUMP at the ends of 
the DNA andjje subsequently recovered . In accordance 
- with the practices of this invention hybr idizatipnit^-^^'^^ 
mRNA could be accomplished in solution and the resulting 
hybrid recovered via a Sepharose-avidin column and the 
mRNA recovered therefrom. Similar techniques could be 
employed to isolate DNA-RNA hybrids. This technique 
employing terminal transferase for the addition of the 
special nucleotides in accordance with this invention is 
widely applicable and the resulting modified nucleotides 
containing the special nucleotides in accordance with 
this invention including the special biotinated nucleo- 
tides or the special glycosylated nucleotides could be 
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selectively recovered via complexing with avidin upon a 
Sepharose-avidin column or complexing with a lectin, 
such as Concanavalin A or a Sepharose-Concanaval in A 
column. 

Illustrative of the practices of this invention, 
biot-inated dOTP was added to the 3' ends of d[pT]4 as well 
as single and double stranded DNA employing terminal 
transferase and the resulting product was purified through 
G-50 Sepharose and separated on a Sepharose-avidin affinity 
column. It was found that 59% of the d[pT]4 molecules 
were biotinated and recovered on the Sepharose-avidin 
column. The results of this experiment established that 
terminal transferase added biotinated dUMP to the 3' ends 
of a polypyr imidine. 
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The detection of nucleic acids to which specific 
molecules have been covalently attached can be effected 
through the use of many naturally occurring proteins to 
which small molecules are known to specifically bind. 
In this procedure the small molecules are bound to the 
nucleotide using the allyl amine side chain. These 
nucleotides are then incorporated into specific nucleic 
acids using a DNA or RNA polymerase or ligase reaction 
■ or a chemical linkage. After annealing this probe with 
a complementary antiprobe sequence, the presence of the 
probe is assayed for by the specific binding of the 
protein to the ligand covalently bound to the probe. . 

Examples of protein-1 igand reactions that are 
appropriate for this type of detector system include: 

l: Enzymes and allosteric effector or modulator 
molecules. An example of this is the enzyme threonine 
dehydratase which is a heterotropic enzyme in that the 
effector molecule, L- isoleuc ine , is different than the 
substrate, L-threonine, J. Monod, J. Wyman and J. P. 
Changeux (1965), J. Mol. Biol. 12:88-118. 

2. Effector molecules involved in regulation. An 
example of this is the specific binding of 3',5-cyclic 
' - -adenosine .monophosphate to the„pyclic AMP receptor - 
protein, I. Pastan and R. Perlman, Science 169:339-344" 
(1969). Another example is the lactose repressor 
molecule and the inducer molecules isopropy 1 thiogalacto- 
side or thiome thy Igalactos ide . These two inducer 
molecules are called gratuitous inducers in that they 
are not metabolized by the enzymes they induce, W. 
Gilbert and B. Muller-Hill, Proc. Natl. Acad. Sci. (US), 
70:3581-3584, (1973) . 
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3. Hormone receptors and other receptors on the 
surface of the cell to which organic molecules will 
specifically bind. An example of this is the 
epinephrine-epinephrine receptor system in which 
epinephrine is bound in a ster iospecif ic manner with a 
high affinity to the receptor. With this system, since 
the receptor protein is insoluble in water, it will be 
imbedded in a lipid bilayer structure as for instance a 
liposome. Suitable detector systems would include 
specific enzymes or fluorescent molecules inside or 
within the lipid bilayer. 

4. Specific ligand binding proteins included in the. 
transport of small molecules. An example of this is the 
periplasmic binding proteins of bacteria which have been' 
shown to bind many amino acids, glucose, galactose, 
ribose and other sugars, Pardee, A. Science, 162:632- 
637, (1968); G. L, Hazelbaur , and J. Adler, Nature New 
Bio . 230: 101-104, (1971). 

in the above-mentioned examples the , ligand bound to the 
nucleic acid reacts with a naturally occurring protein. 
The specificity of this reaction resides in the 
ligand-binding site of the protein. 

One further example of small molecule interaction with 
naturally occurring proteins involves the specific 
binding of coenzyme or other prosthetic molecules to 
enzymes. Examples of such coenzymes include thiamin 
pyrophosphate, flavine mononucleotide, flavine adenine 
dinucleotide, nicotinamide adenine d inucleotide , 
nicotinamide adenine dinucleotide phosphate, coenzyme A, 
pytidoxyl phosphate, biotin, te trahydrof ol ic acid, 
coenzyme B12, lipoic and ascorbic acid. Many of these 
molecules form covalent linkages with their apoenzymes. 
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However, some, foe example, coenzyme A, coenzyme B12 and 
tetrahydrofolic acid, associate in a non-covalent but 
specific manner with their cognate apoenzymes. A 
specific coenzyme-apoenzyme system for use in this 
system is flavine adenine dinucleotide (FAD) and flavine 
adenine dinucleotide reductase isolated from Escherichia 
coii . With this system the binding of FAD- is sufficiently 
strong to permit detection. 

The special nucleotides of this invention and poly- 
nucleotides including such nucleotides, either single- 
stranded or double-stranded polynucleotides, DNA and/or 
RNA, comprising the components, phosphor^ic acid moiety 
p'l^Vhe sugar or monosaccharide moiety 3,^ the base moiety 
ef'^IP^^urine or a pycimidine, and the signalling or 
s^'elf-detecting moiety, S ig covalentlv attached to 
either the P, S or B moie tiefef ^as Tndicated hereinabove, 
have many uses and utilities. For example, the 
nucleotides of this invention and polynucleotides 
containing the nucleotides of this invention are useful 
as immune-stimulating agents, as adjutants in vaccines, 
as agents for the stimulation or induction from 
competent xells, such as lymphocytes, for the production 
of^iilpJfoMS^ cytokines or cyuokinins, interferon or 
other cellular products. 

It is well known that double-stranded poly A:U is a 
stimulator or inducer for the production of interferon, 
although weakly so. Similarly, poly I:C is also known 
as a stimulator or inducing agent for the production of 
interferon. 

The advantage of polynucleotides, such as double-stranded 
polynucleotides incorporating one or more nucleotides in 
accordance with this invention is that, in effect, such 



-104- 



polynucleotides would be more effective and more 
powerful inducing or stimulating agents for the 
production of interferon and related materials from 
cells. For example, nucleotides in accordance with this 
inverttiop containing the above-described components P, 
S, B .nMiJ^'tr^i^itkllT^^^ so that the 
nucleotides and polynucleotides prepared therefrom are 
more- resistant to nucleases. Similarly, such nucleo- 
' tides and polynucleotides containing the same and 
suitably prepared which are more capable of contacting, 
stimulating and penetrating cellular surfaces or 
membranes, such as the cellular surfaces or membranes of 
lymphocytes and other cells so as to stimulate the same 
for the production of a desired cellular product, such 
as interferon. 

Particularly useful among those special nucleotides in 
accordance with this invention having the formula P-S-B- 
Sigynres|SJia''n'5 useful are those wherein the Sig 
component is at the 5 position of the pyrimidine or the 
7 position of the purine or a deazapurine or the n2 
position of guanine or the position of adenine. Such 
nucleotides and polynucleotides incorporating the same, 
both single-stranded and double-stranded nucleotides, 
DNA and/or RNA are prepared in accordance with this 
invention to provide increased stability with respect to 
. the double-stranded helix of DNA or RNA or DNA-RNA 
hybrid containing the same. Increased resistance to 
nucleases is also achievable as well as alterations or 
favorable changes in the hydrophobic' properties or 
electrical or charge properties of the nucleotides and 
polynucleotides containing the same. Also, nucleotides 
and polynucleotides in accordance with this invention 
are prepared which, when administered to humans, have 



reduced pyrogenicity or exhibit less other whole body 
toxic responses. Additionally, the nucleotides and 
polynucleotides are prepared in accordance with this 
invention to provide a ligand, such as the component 
Sig, to which specific polypeptides can combine to 
create or bring about the Eormation of RNA complexes. 
It is seen therefore that the ""^l^^tides ^of^ this^^^^^^ 
invention include- the P, S, B and Sig components>hece in 
the Sig is covalently attached to either the P, S or B 
moi/f?fef^o?S^ u^'t'^o^^i whole array of chemical 
agents. having special biological effects including 
therapeutic effects and cytotoxic effects. 

The special nucleotides of this invention, including 
polynucleotides containing these nucleotides, in 
addition to being stimulating or inducing agents for 
the production of cellular materials or products, such 
as interferons, lymphokines and/or cytokines, are also 
useful for their chemotherapeutic effect and for the 
preparation of chemotherapeutic agents based thereon 
but also for their cytotoxic effects and the production 
of cytotoxic agents based thereon. 'The moiety Sig 
attached to the special nucleotides of this i"^^" ^A" S« , M^^^ 
containing the other moieties, or components P,, S,, B^ 
- provides a site per se for' the' attachment -thereto , ;the _ _ 
Sig component, of special agents of known chemothera-" 
peutic or cytotoxic effect. Such nucleotides could be 
introduced or administered to the subject being 
treated, e.g. human body or animal, so as to be 
incorporated into the DNA and/or RNA components of the 
body or cell so as to either interfere with the 
synthesis of the body or cellular DNA and/or RNA or to 
attack tumors or to, in effect, kill or otherwise 
interfere with the growth of undesired cells. 
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The administration of the nucleotides and/or poly- 
nucleotides containing the nucleotides to the body, 
human body or animal, can be effected by a number of 
suitable means. Particularly effective would be the 
intravenous introduction to the body of preparations 
containing the nucleotides of this invention and a 
suitable physiologically acceptable carrier or the 
nucleotides could be administered subcutaneously , 
transdermaliy , or intramuscularly or by direct intro- 
duction into the site where the chemother apeu tic or 
cytotoxic effect of the nucleotides is sought or 
desired to be' effective. Not only could desired 
chemotherapeu t ic or cytotoxic effects be achieved 
systemically or locally but also, as indicated 
hereinabove, the special P, S, B and S ig-containing 
nucleotides of this invention, including polynucleo- 
tides containing such nucleotides, are useful as 
immune-stimulating agents and adjuvants therefor. 
Accordingly, vaccines containing the special nucleo- 
tides and polynucleotides in accordance with this 
invention can be prepared having improved effectiveness 
and versatility. 

Of special interest in the practices of this invention 
improved polynucleotides incorporating the" special 
nucleotides of this invention are provided as inducers 
or stimulating agents for the production of interferon. 
Such polynucle toides would be single-stranded or 
double-stranded ribonucleotides, dsRNA, having the 
structures , 
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..lAA ... 
" ..fyY\ ... 

A A* A" A' ' • 

where A and B ace complementary base pairs, such as a 
purine, a 7-dea2apur ine or pyrimidine modified by the 
addition of an organic moiety Sig in accordance with 
the disclosures of this invention on the 5 position of 
the pyrimidine ring or the 7 position of the purine 
ring or the n2 of guanine, or the of adenine or the 
of cytosine as described herein. The modifications of 
the polynucleotides at these positions lead to relatively 
undisruptive or non-disruptive double-stranded nucleic 
acid molecules as measured by rates of association and 
melting points. In the special polynucleotides of this 
invention employed as inducers of. inter feron-and: other^- 
ee l 1 ul a? ot' humor a 1 f ac tor s" or compone n t s , such as ~ " . " 
lymphokines or cytokines, the following groups would be 
attached thereto as indicated by the formulas, 



( ) t ) 
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CH2O 
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and/or 



OH O 
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In the utilization of the special polynucleotides of 
this invention, such as the special dsRNA of this 
invention in the induction process for the production 
of interferon it has been demonstrated that DEAE- 
dextran facilitates thiS' operation. It appears that 
since DEAE-dextran complexes with dsRNA and protects it 
for nuclease degradation, thereby enhancing interferon 
induction. It has also been noted that poly rC:rI is 
taken into cells more efficiently when complexed with 
DEAE-dextran. Accordingly in the practices of this 
invention the hydrophobic properties and the ionic or 
electron charge properties of the special dsRNA of this 
invention are important factors and capable of 
.manipulation in the applicability of these materials to 
induce inteferon production. It has been observed 
that such conditions or factors which promote the 
induction of interferon also lead to and promote the 
induction of other cellular or humoral components, such 
as lymphokines and cytokines. It is apparent, 
therefore, that the special nucleotides of this 
invention act as immune modulators and stimulators of 
the immune response other than simply being effective 
as inducers of interferon production. Superior agents 
^fpr the above in accordance with the practices of.this^ 
— invention would include nucleotides '.wherein Uie .Sig'--,„,., 
moiety incorporates biotin or streptavidin or avidin. 

Poly rI:poly rC complexed poly L-lysine exhibits 
adjuvant properties and such properties are enhanced 
and improved in accordance with the practices of this 
invention when the poly rl and poly rC components are 
modified to include one or more of the special 
nucleotides in accordance with this invention. 



